Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


I 


H  GOK0RS88, 1  HOUSE  OF  BBPRBSENTATIYBS.  j  Ex.  Doc  1, 


<  I 


ANNUAL   REPORT 


OF  THK 


HIEF  OF  ENGINEERS, 

UNITED    STATES    ABMT, 


IXS  THR 


SECRETARY   OF    WAR, 


roK 


THE  YEAR  1884. 


IN    FOUR    PARTS. 


PA.RT    IV. 


WASHINGTON: 

OOTSBNMBNT  PBINTINO  OFFICS. 

1884. 


iV 


I 


/'^■5o  -6', 


I       ...    -  / 


CONTENTS. 

[Alphabetical  Index  will  be  foand  at  the  end  of  each  Part] 


PART  I. 


EXTTLACT   FROM    REPORT  OF  THE  SECRETARY  OF  WaR XXl 

OmCERS   OF    THE   COBPS  OF  ENGINEERS 3 

SEA-COAST  AND  LAKE  FRONTIER  DEFENSES. 
G^Deral  disscussion - 4 

ESTIMATES'   OF  APPROPRIATIONS  FOR  1885-6 9 

NoRTiLERX  Frontier. — Ft.  Wayne,  Mich.,  10;  Ft.  Porter,  N.  Y.,  Ft.  Niagara,  N. 
Y..  11 :  Ft.  Ontario,  N.  Y.,  12;  Ft.  Montgomery,  N.  Y.,  13.    The  Penobscot, 
Me. — Ft.  Knox,  13.    The  Kennebec,  Me. — Ft.  Pophain,  14 ;  Portland,  Me. — 
Fi.  Gorj^es,  Ft.  Preble,  Ft.  Scammel,  14;  battery  on  Portland  Head,  batteries  on 
Cow  Id.,  batteries  on  Great  Hog  Id.,  15.     Portsmouth,  N.  H.,  and  Navy- 
Yard  at  Kittery,  Me. — Ft.  McClary,  Ft.  Constitution,  battery  on  Gerrish's 
Id.,  batt«;ry  ou  Jerry's  Point,  16.    Maublehead  Harbor,  Mass. — Ft.  Sewall, 
17.     Boston  and  Navy-Yard  at  Charlestown,  Mass. — Ft.  Warren,  battery 
at  Long  Id.  Head,  17;  Ft.  Wiuthrop,  Ft.  Independence,  18.     Plymouth  Har- 
B<->R,  Mass.— Ft.  Andrew,  Ft.  Staudish,  19.     New  Bedford,  Mass. — Fort  at 
Clark's  Point,  19.     Narragansett  Bay,  R.  I. — Ft.  Adams,  20;  defenses  of 
L>ntch  Id.,  '21.    New  London  Harbor  and  Navy- Yard,  Conn.— Ft.  Triim- 
Imll,  21:  Ft.  Griswold,  22.    New  Haven,  Conn.— Ft.  Hale,  22.     New  York 
ANi>  Navy-Yard  at  Brooklyn. — Ft.  Schuyler,  22;  fort  at  Willets  Point,  23; 
dt-ft^iise??*  of  Governors  Id.»  24;   sea-wall  on  Governor's  Id.,  Ft.  Wood,  Ft. 
Hamilton  aud   additional  batt^^rieij,  25;  mortar  battery  Ft.   Hamilton,  Ft. 
Lafayette,  Ft.  Wadsworth,  26;  fort  ou  site  of  Ft.  Tompkins,  27;  Glacis  Gun 
Batt«Ty  (u.  of  site  of  Ft.  Tompkins),  Glacis  Mortar  Battery  (s.  of  site  of  fort 
OD   Ft.  Tompkins),  Battery  Hudson,  28;  South  Mortar  Battery,  North  Cliff 
Battery.  21>;  South  Cliff  Battery,  Two-^un  Battery  near  site  of  fort  on  Ft. 
T'niipkiiis,  fort  at  Sandy  Hook,  30.    Philadelphia  and  League  Isu^nd 
Navy-Yard. — Ft.  Mifflin,  31 ;  mortar  battery  at  Ft.  Mifliin,  site  for  defenses 
ax   K4-d  Bank,  32;  Ft.  Delaware,  battery  at  Finn's  Poiut,  33;  mortar  battery 
at  Fiun's  Poiut,  fort  opposite  Ft.  Delaware,  mortar  battery  opposite  Ft.  Dela- 
ware^ :«.     Baltimore,  Md. — Ft.  McHenry,  3.5 ;  Ft.  Carroll,  36.     Washing- 
ton,  I).  C  — Ft.  Foote,  36;  Ft.  Washiugion,  obstructions  of  the  Potomac, 
:r7.     Hamilton  Roads  and  Gosport  Navy-Yakd,  Va. — Ft.  Monroe,  37  ;  arte- 
vlan  well  at  Ft.  Monroe,  Ft.  Wool,  39.     Beaufort  Harbor,  N  C. — Ft.  Macon, 
41 ».     Wilmington,  N.  C. — Ft.  Caswell,  41.    Charleston,  S.  C. — Ft.  Moultrie, 
41  :  Ft.  Sumter,  Ft.  Johnson,  42;  Castle  Piuckney,  43.     Savannah,  Ga.— Ft. 
Oj^iethorpe,  Ft.  Pulaski,  43;  new  fort  on  Ty bee  Id.,  44.  Cumberland  Sound. — 
Ft.  CliiH-h.  44.     Saint  Augustine,  Fla. — Ft.  Marion,  45.     Key  West,  Fla. — 
Ft.  Taylor  and  batteries,  45.     Harbor  of  Dry  Tortugas,  Fla.— Ft.  Jeffer- 
>f*u.  4<i.    Pensacola  Harbor  and  Navy- Yard,  Fla. — Ft.  Pickens,  46;  Ft. 
Barrancas  and  redoubt,   Ft.  McRee,  47.       Mobile,  Ala. — Ft.  Morgan,  Ft. 
(iaiuef*,  4^.     Mississippi  Sound. — Fort  on  Ship  I<I.,  48.    New  Orleans,  La. — 
Ft.  Pike,  Ft.  Macomb,  Tower  Dupr<?,  49;  Battery  Bienvenne,  tower  at  Proctors- 
vilie,  Ft.  Jackson,  50 ;  Ft.  St.  Philip,  Ft.  Livingston,  51.  Galveston,  Texas. — 
Batteries  at  the  entrance  to  the  harbor  of  Galveston,  52.     San  Diego  Har- 
bor, Caufornia.— Fort  at  San  Diego,  52.     San  Francisco,  Navy- Yard  at 
Mare  L^land  and  Arsenal  at  Bexicia,  Cal. — Ft.  WiutieUl  Scott,  52;  fort 
at  Lime  Poiut, 53;  lort  on  Alcatraz  Id.,  Ft.  Mason,  batteries  ou  Angel  M.,54. 
Defenses  of  the  Columbia,  Oreg.,  and  Wash. — Ft.  Steveus,  Ft.  Canby,  55. 
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NoETHERX  Froxtikr. — Ft.  Wayne,  Mich.,  10;  Ft.  Porter,  N.  Y.,  Ft.  Niagara,  N. 
Y.U:  Ft.  Ontario,  N.  Y.,  12;  Ft.  Montgomery,  N.  Y.,  13.    The  Penobscot, 
Me.— Ft.  Knox,  13.     The  Kennebec,  Me.— Ft.  Popham,  14 ;  Portland,  Me.— 
FtJior^eft.  Ft.  Preble,  Ft.  Scammel,  14;  battery  on  Portland  Head,  batteries  on 
Cow  Id.,  batteries  on  Great  Hog  Id.,  15.    Portsmouth,  N.  H.,  and  Navy- 
Vard  at  Kittery,  Me. — Ft.  McOlary,  Ft.  Constitution,  battery  on  Gerrish's 
M..  battery  ou  Jerry'B  Point,  16.    Marblehead  Harbor,  Mass. — Ft.  Sewall, 
IT.    Boston  axi>  Navy- Yard  at  Charlestown,  Mass. — Ft.  Warren,  battery 
at  Long  Id.  Head,  17 ;  Ft.  Wiuthrop,  Ft.  Independence,  18.    Plymouth  Har- 
bor, I^Iass. — Ft.  Andrew,  Ft.  Staudish,  19.    New  Bedford,  Mass.— Fort  at 
Clark's*  Point,  19.     Narraoansett  Bay,  R.  I. — Ft.  Adams,  20;  defenses  of 
Diitch  Id.,  "21.     Nkw  London  Harbor  and  Navy- Yard,  Conn. — Ft.  Trum- 
l";:i. '21:  Ft.  Gri»wold,  22.    New  Haven,  Conn.— Ft.  Hale,  22.     New  York 
km»  Navy-Yari>  at  Brooklyn.— Ft.  Schuyler,  22;  fort  at  Willets  Poiut,  23; 
'.»iVu's*s  of    Governor's   Id.,  24;   sea-wall  on  Goveruor's   Id.,  Ft.  Wood,  Ft. 
Jlaiiiilton    uud    additional   batt«»rievS,  25;   mortar  battery   Ft.   Hamiltou,  Ft. 
Lafay»rTte,  Ft.  Wadsworth,  26;  fort  ou  sit^  of  Ft.  Tompkins,  27;  (ilacis  Gun 
I*  itTt^rv  ( II.  of  site  of  Ft.  Tompkins),  Glacis  Mortar  Battery  (s.  of  site  of  fort 
Oh  Ft. "Tompkins),  Battery  Hudson,  28;  South  Mortar  Battery,  North  Cliif 
B.»tt»-ry,  •29;    South  Clitl'  Battery,  Two-j^uu  Battery  near  site  of  fort  on  Ft. 
T.fiipkinH,    fort    at   Sandy  Hook,  30.     Philadelphia  and  League  Island 
Navy-Yari>. — Ft.  Mitilin,  31;  mortar  battery  at  Ft.  MifUin,  site  for  defenses 
i;   K*Mi    Bank,  :V2;  Ft.  Delaware,  battery  at  Finn's  Poiut,  33;  mortar  battery 
uT  KiiiuV  Point,  fort  opposite  Ft.  Delaware,  mortar  battery  opposite  Ft.  Dela- 
^i*r^,  :U.      Bai.timork,  Md.— Ft.  McHeury,  35;  Ft.  Carroll,  36.     Washing- 
tmn.    I>.    C.  —  Ft.   Foote,  36;  Ft.  Washiujfjton,  obstructions  of  the  Potomac, 
:r:.     Hamilton  Roads  and  Gosport  Navy-Yahd,  Va. — Ft.  Monroe,  37  ;  arte- 
*.;ui  w#-n  at  Ft.  Monroe,  Ft.  Wool,  39.     Beaufort  Harbor,  N  C. — Ft.  Macon, 
4*».     Wilmington,  N.  C— Ft.  Caswell,  41.    Charleston,  S.  C. — Ft.  ^hiultrie, 
41  ;   Ft.  Sumter,  Ft.  Johnson,  42;  Castle  Pinckney,  43.     Savannah,  Ga. — Ft. 
<.»i:W-rlior\>e,  Ft.  Pulaski,  43;  new  fortouTybee  Id.,  44.  Cumberland  Sound. — 
Kt.  CliiK-h.  44.     Saint  Augustine,  PYa.— Ft.  Marion,  45.     Key  West,  Fla. — 
Ft.  Tuylor  and  batteries,  45.     Harbor  of  Dry  Tortugas,  Fla. — Ft.  Jetl'or- 
-«.ii.  ui.      Pen.sacola  Harbor  and  Navy- Yard,  Fla.— Ft.  Pickens,  46;  Ft. 
B;iirun<a.-»   ami   redoubt,   Ft.  McRee,  47.       Mobile,  Ala. — Ft.  Morj^an,  Ft. 
*  ;:*ii»f «,  4"^.     Mississippi  Sound. — Fort  on  Ship  Id.,  Af^.    New  Orleans,  La. — 
i'x.  Pik«-,  Ft.  Macomb,  TowerDupr(^,  49;  Battery  Bienvenue,  tower  at  l*roctors- 
villf .  Ft.  .lackhou,  50 ;  Ft.  St.  Pbilip,  Ft.  Livingston,  51.  Galveston,  Texas. — 
B^ttt-rie.s  at  the  entrance  to  the  harbor  of  Galveston,  52.     San  Diego  Har- 
B'»r.  California. — Fort  at  San  Diego,  52.     San  Francisco,  Navy- Yard  at 
Make  Island  and  Arsenal  at  Benicia.Cal. — Ft.  Wiulitld  SiM.tt,r>2:   fort 
•ax  Lime  Point, 53;   lort  on  Alcatraz  Id.,  Ft.  M.ison,  batteries  on  Angel  Id.,  54. 
Defenses  of  the  Colu.mbia,  Oreg.,  and  Wash. — Ft.  Stevens,  Ft.  Cauby,  55. 
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Sosqaehanna  River,  near  Havre  de  Grace,  Md.,  139;  Elk  River,  Md.,  140;  Cor- 
sica Creek,  Md.,  Chester  River,  at  Kent  Island  Narrows,  Md.,  Chester  River, 
Md.,  from  Spry's  Landing  to  Crnmpton,  141 ;  improving  channel  to  Baltimore, 
Md.,  142;  Harlior  of  Annapolis,  Md.,  143;  Choptank  Kiver,  between  Denton 
and  Greensboronjjb,  Md.,  harbor  of  Cambridge,  Md.,  144;  Upper  Thorough- 
fare, l»etw»'en  DeiPs  Island  and  the  mainland.  Broad  Creek,  Del.,  from  the 
mouth  to  Laun.'l,  Wicomico  River,  Md.,  145;  Jauies  River,  Va.,  146;  Appo- 
mattox River,  Va.,  147;  Shenandoah  River,  W.  Va.,  148;  New  River,  from 
the  mouth  of  Wil.«*ou,  in  Grayson  County,  Va.,  to  mouth  of  Greenbrier  River, 
W.  Va.,  (ireat  Kanawha  River,  W.  Va.,  149;  Elk  River,  W.  Va.,  Cape  Fear 
Rivt-r,  N.  C,  150;  removiug  sunken  vessels  obstructing  or  endangering  navi- 
gation, ir>l ;  examinations  and  surveys,  151. 

Lv  Charge  of  Maj.  Peter  C.  Hains,  Corps  of  Engineers,  Bvt.  Lieut. 

Col.,  I'.  S.  A. — 

Rarl'or«  at  Washington  and  Georgetown,  D.  C,  151;  Potomac  River  in  the 
vif  inity  of  Washington,  D.  C,  15'2. 

Ix  Charge  of  Mr.  S.  T.  Abert,  U.  S.  Civil  Engineer— 

Cbanut'l  at  Mount  Vernon,  Va.,  154  ;  Neabsco  Creek,  Va.,  Breton  Bay,  Leonard- 
town,  Md.,  Noiiiini  Creek,  Va.,  155;  harbor  at  entrance  of  Saint  Jerome's 
Civek.Md.,  Rajipahanuook  River,  Va.,  156;  Totnsky  River,  Va. ,  157 ;  Urbana 
Crp<k,  Va.,  Mattai>oni  River,  Va.,  Pamunkey  River,  Va.,  158;  York  River, 
Va..  Chiekahomiuy  River,  Va.,  159;  Staunton  River,  Va.,  160;  Dan  River, 
M  »ve*-n  Madison,  X.  C,  and  Danville,  Va.,  Roanoke  River,  N.  C,  161 ;  French 
Bn»ail  Kiver,  N.  C,  16*2 ;  examinations  and  surveys,  163. 

IX  CHARGE   OF   CaIT.    F.    A.   HlXMAN,    CORPS   OF  ENGINEERS — 

Harlior  at  Norfolk,  Va.,  UY^;  improving  approach  to  Norfolk  Harbor  and  the 
Inited  Stat«?s  navy-yard,  between  Lambert's  Point  and  Fort  Norfolk,  164 ; 
.Anber^H  Hdpe.  River,  Va.,  Blackwater  River,  Va., Notta way  River,  Va.,  165; 
North  Landing  River,  Va.  and  N.  C,  Meherrin  River,  N.  C,  166;  Currituck 
.Sound,  Coanjok  Bay,  North  River  Bar,  N.  C,  Scuppernong  River,  N.  C, 
hu:  Edenton  Bay,  N.  C,  Pamplico  and  Tar  rivers,  N.  C,  168;  Neuse  River^ 


IV  CONTENTS. 

In  charge  of  Capt.  F.  A.  Hinmax,  Corps  of  Engineers— Continued. 

N.  C,  Beaufort  Harbor,  N.  C,  169 ;  line  of  inland  navigation  from  New  Bemi 
to  Beaufort  Harbor,  N.  C,  via  Clubfoot,  Harlowe,  and  Newport  rivers^  Trea' 
River,  N.  C,  171 :  Conteutnea  Creek,  N.  C,  Cape  Fear  Piver,  from  Wilmin|; 
ton  to  Fayotteville,  N.  C,  172;  Lillington  River,  N.  C,  Tadkin  River,  N.C. 
173;  New  River,  N.  C,  Great  Pee  Dfee  River,  S.  C,  174;  Waccamaw  Rivei 
8.  C,  Sautee  River,  S.  C,  175;  Wateree  River,  8.  C,  176;  Georgetown  Hmc 
bor,  8.  C,  177;  examinations  and  surveys,  177. 

In  charge  of  Col.  Q.  A.  Gillmore,  Corps  of  Engineers,  Bvt.  Maj.  Gkw. 
U.  8.  A.— 

Charb'irton  Harbor,  8.  C,  178;  Wappoo  Cut,  8.  C,  Edisto  River,  8.  C,  180 
Halkiehatehii*  River,  8.  C,  181;  Ashley  River,  8.  C,  182;  Savannah  Harboi 
and  Kiv<*r,  Ga.,  1H3;  Savannah  River,  Ga.,  184:  Savannah  River  above  An 
gUMta,  Ga.,  IH:»;  Saint  Augustine  Creek  (Thunderbolt  River),  Ga.,  Romerlj 
Miiriib,  Ga.,  1H(J;  Altamaha  River,  Ga.,  187;  Brunswick  Harbor,  Ga.,  188: 
ffitrnnre  to  Cumberland  Sound,  Ga.  and  Fla.,  189;  inside  passage  betweeii 
Fi^nmtidiini  and  Saint  John's  River,  Fla.,  Saint  John's  River,  Fla.,  190;  Vo- 
limli  IJjir,  Fhi.,  r.>2;  Upper  Saint  John's  River,  Fla.,  193;  examinations  an^ 
HurvevH,  194.  ^ 

GULF  OF  MEXICO. 

In  cuauuk  of  Ma.i.  A.  N.  Damrell,  Corps  of  Engineers— 

Mobile  Harbor,  Abi.,  194 ;  Pensacola  Harbor,  Fla.,  Key  West  Harbor,  Fla.,  195; 
(.'but  talioo<ih<*o  River,  Ga.  and  Ala.,  Flint  River,  Ga.,  196;  Appalachicola  River, 
Fla.,  Appabiebicola  Bay,  Fla.,  197;  Tampa  Bay,  Fla.,  Suwanee  River,  Fla., 
CbortHwbtttebeo  River,  Ala.  and  Fla.,  198;  Cahaba  River,  Ala.,  199;  Talla- 
nooMa  River,  Ala.,  Old  Town  Creek,  Miss., 200 ;  La  Grange  Bayou,  Fla.,  With- 
laeoor.liee  River,  Fla.,  Caloosahatchee  River,  Fla.,  Peas  Creek,  Fla., 201  ;  Es- 
eauibia  and  Conecuh  rivers,  Fla.  and  Ala., 202 ;  Alabama  River,  Ala.,  Warrior 
and  Toiiibigbee  rivers,  Ala.  and  Miss.,  203 ;  Tombigbee  River  above  Columbus, 
MiHM., Noxubee  River,  Miss.,  204 ;  Pascagoula  River,  Miss.,  Mauatee River,  Fla., 
20r>;  roadstead  leading  into  Back  Bay  of  Biloxi,  Miss.,  removing  sunken  ves- 
sels obstructing  or  endangering  navigation,  206;  examinations  and  surveys, 
206. 

In  (!iiarge  of  Capt.  Thomas  Turtle,  Corps  of  Engineers— 

Inspection  of  the  improvement  at  the  South  Pass  of  the  Mississippi  River,  206; 
Sabine  Pass  and  Blue  Buck  Bar,  Tex.,  207 ;  Sabine  River,  La.  and  Tex.,  Neches 
River,  Tex., 208. 

In  charge  of  Maj.  Amos  Stickney,  Corps  of  Engineers— 

Pearl  River  from  Jackson  to  Carthage,  Miss.,  Pearl  River  below  Jackson,  Miss., 
209;  Amite  River,  La.,  Tangipahoa  River,  La.,  210;  Tchefuucte  River,  La., 
Tickfnw  River,  La.,  211;  Bayou  Teche,  La.,  connecting  Bayou  Teche  with 
Grand  Lake  at  Charenton,  La.,  212;  Bayou  Black,  La.,  Bay  on  Courtableau, 
La.,  213;  Bayou  Terrebouiie,  La.,  Bayou  La  Fourche,  La.,  214;  Calcasieu 
River,  La.,  Calcasieu  Pass,  La.,  2ir> ;  examinations  and  surveys, 216. 

In  charge  of  Maj.  S.  M.  Mansfield,  Corps  of  Engineers,  Bvt.  Lieut. 
Col.,  U.  S.  A.— 

Entrance  to  Galveston  Harbor, Tex., 216;  ship-channel  in  Galveston  Bay,  Tex., 
Trinity  River,  Tex.,  217 ;  Buffalo  Bsiyou, Tex.,  channel  over  the  bar  at  mouth 
of  Brazos  River,  Tex.,  218;  Pass  Cavallo  Inlet  to  Matagorda  Bay,  Tex.,  Aran- 
sas Pass  and  Bay  up  to  Rockport  and  Corpus  Christi,  Tex.,  219;  harbor  at 
Brazos  Santiago,  Tex.,  protection  of  river  bank  at  Fort  Brown,  Tex.,  220. 

WESTERN  RIVERS. 

In  charoV:  ok  Maj.  A.  M.  Millkr,  Corps  of  Engineers— 

Rod  River,  La.,  Ouachita  River,  Ark.  and  La.,  221 ;  Bayou  Bartholomew,  La.  and 
Ark.,  Bcpuf  River,  La.,  222;  Tensas  River,  La.,  Cypress  Bayou,  Tex.  and  La., 
Yazo*  River,  Miss  , 22:i ;  Big  Sunflower  River,  Miss.,  Tchula  Lake,  Miss.,  Tal- 
lahatche©  River,  Miss., 224  ;  Coldwater  River,  Miss.,  Yallabusha  River,  Miss., 
Big  Hatchets  River,  Tenn.,  225;  South  Forked  Deer  River,  Tenn.,  water-gauges 
on  the  Mississippi  River  and  its  principal  tributaries,  226 ;  examinations  and 
surveys,  226. 


CONTENTS. 

Is  CHARGB  OF  MaJ.   MiLTON  B.   ADAMS,   COKPS  OF  EXGIXEERS — 

InooTin^  msgi*,  &c.,  from  Arkansas  River,  Ark.,  227 ;  White  and  Saint  Francis 
Tivent,  Ark.,:e^ ;  Arkansas  River  at  Pine  Blnffaud  Fort  Smith,  Ark. ,  Arkansas 
RiTcr  between  Fort  Smith,  Ark.,  and  Wichita,  Kans.,  229;  White  River  he- 
TT«eD  Jackson  port  and  Bnffalo  Shoals,  Ark.,  White  River  above  Buffalo  Shoals, 
Ark.. 230;  L'Angnille  River.  Ark.,  Black  Riv(>r,  Ark,  and  Mo.^  Saline  River, 
Ark.,  231 ;  examinations  and  surveys,  232. 

Lx  CHARGE  OF  Maj.  O.  H.  Ernst,  Corps  op  Engineers— 

MUnsippi  River,  between  the  Illinois  and  Ohio  riven,  232;  harbor  and  Missis- 
si^i  River  at  Alt-on,  Mississippi  River  opposite  the  city  of  Saint  Louis,  Mo., 
ik;  Mississippi  River  at  or  near  Cape  Girardeau,  Mo.,  and  Minton  Point,  HI., 
Os^  River,  Kans.  and  Mo« ,  235. 

Is  l-HARGE  OF    Ma.1.   CUARLES  R.   SUTER,   CORPS  OF   ENGINEERS— 

Irau'viuj;  !»uagii  and  wrecks  from  the  Mis.sissippi  aud  Missouri  rivers,  2^\Ct;  Mis- 
•oari  River  from  its  month  to  Sioux  City,  Iowa,  &c.,  survey  of  Missouri  River 
fiwn  iti*  month  to  Fort.  Benton,  Mont.;  Gasconade  River,  Mo.,  2:^7. 

l5  CBARGE  OF   CaPT.   JaMES    B.    QUINN,   CORPS  OF   ENGINEERS— 

Hiftoari  River  from  Sioux  City  to  Fort  Benton,  Mont.,  237;  Yellowstone  River, 
Moot.,  and  Dak.,2:W. 

In  CHARGE  OF  MaJ.   ALEXANDER  MACKENZIE,   CORPS  OF  ENGINEERS — 

Vpp^  Mississippi  River,  operations  of  spag-boat,  &c.,238;  Mississippi  River 
from  Saint  Panl  to  the  Des  Moines  Rapids,  Mississippi  River  from  Des  Moines 
Rspids  to  month  of  Illinois  River,  239;  harbors  of  refuge  on  Lake  Pepin,  re- 
moval of  l»ar  in  Mississippi  River  opposite  Dubncjue, Iowa,  ice  harbor  at  Du- 
baqne,  Iowa,  240 ;  Rock  Island  Rapids,  Mississippi  River,  harbor  at  Rock  Isl- 
and, 111.,  harbor  at  Muscatine,  Iowa,  241 ;  Des  Moines  Rapids,  Mississippi  River, 
openting  and  care  of  Des  Moines  Rapids  Canal,  242 ;  dry  dock  at  the  Des 
Moioce  R&pids  Canal,  Mississippi  River  at  Quincy,  III.,  Quincy  Bay,  111.,  243; 
("xsminations  and  surveys,  244. 

Test  of  the  Adams  Flume 244 

Is  (.HARGK   OF    Ma.J.    ChaRLES  J.    ALLEX,    CoRPS   OF   ENGINEERS — 

Preservation  of  Falls  of  Saint  Anthony,  Minn.,  244 ;  Missis-sippi  River  above  the 
Falls  of  iSaint  Anthony,  Minn.,  eonstruiftion  of  lock  and  daui  on  Mis^^issippi 
KivfT  at  Meeker's  Island,  Minn., 245;  Chip])ewa  River,  Wis.,  Chippewa  River 
at  Yellow  Hankn,  Wis., 24(1;  Saint  Croix  River  below  Taylors  ViiUs,  Minn,  aud 
Wi-4..  Minnesota  River,  Minn.,  247;  Red  River  of  the  North,  Minn,  and  Dak., 
Icick  and  dam  at  C^)ose  Rapids  on  Red  River  of  the  North,  Minn,  and  Dak.,  '^4*; : 
re>*er^oirH  u|)on  fhe  headwaters  of  the  MiHsis«»i])fu  River  and  its  tributaries, 
~A'J:  Hurveys  for  reservoirj^  at  the  sources  of  the  MiHsi»sipj)i,  Saint  Croix,  Chip- 
j»*-wa.  and  Wisconsin  rivers, 250;   examinations  and  surveys,  2.')(>. 

Lv  cn\i:GK  of  Maj.  William  R.  King,  Corps  of  Engineers — 

TfiiDes-ee  River, 250;  Cumberland  River, 252:  Hiwassce  River,  French  Broad 
River,Tenn.,254 ;  Clinch  River, Tenn.,  Duck  River, Tenn.,  Obey's  River, Tenn., 
•iTk*;  Caney  Fork  River, Tenn.,  Coosa  River,  Ga.  and  Ala.,25G;  Oosteuaula  and 
Coosawattt»e  rivers,  Ga.,  Ocmul^ee  River,  Ga.,  257;  Oconee  River,  Ga.,  258; 
Retl  River,  Tenn.,  Little  Tennessee  River,  Tenn.,  South  P^ork  Cumberland 
River,  Ky . ,  259 ;  examinations  and  surveys,  2t>0. 

Is  charge  of  Lieut.  Col.  William  E.  Merrill,  Corps  of  Engineers, 
BvT.  Col.,  V.  S.  A.— 

Ohio  Rivtfr,  260;  o]»erating  and  care  of  Louisville  and  Portland  Canal,  261; 
fallhof  theOhio  River  at  Louisville,  Ky.,  Monon^ahela  River,  W.  Va,  ancf  Pa., 
AlU'gbeny  River,  Pa., 262;  ice  harbor  at  mouth  of  Muskingum  River,  Ohio, 
harl>or  of  refuj^e  near  Cincinnati,  Ohio,  26'.^ ;  examinations  an<l  surveys,  263. 

Ix  charge  of  Capt.  James  C.  Post,  Corps  of  Engineers— 

K^-ntucky  River,  Ky.,  Trade  water  River,  Ky.,264  ;  Hig  Sandy  River,  W.  Va.  and 
Ky.,2fe;  Gnyandotte  River,  W.Va.  and  Ky.,  Little  Kanawha  Kiver,  W.  Va., 
*-^:  exsniinntion,267. 


tS  *ZSjl3UIK  Off    MLW.    J-kOXD  JL    ^MTTBL   COB?rf  Off    ijfGCnCERS — 

W.ik<UMd  Siver.  IniL  ioii  CL.  :it}r:  WTuctt  SrvHrrIiiJ^:2tM?;  exainioation,  269. 

BRITtxCI*:;  5JLTWABIX  WATEE:^  OF  THE  UXITBD  STATES. 

BcuUtr  K'rriHM  Tlnuiui^  SiTifr.  Qifttr  !!f«»v  L*iiuii»ii.  C«»ajL .  bcidipF  across  the  Ohic 
Riv.»r.  kj;  die  tiizj  <ic  Wai*«Dii:r,  W.  T*.,  'iriiitcw  cterroiK  tiie  Ohio  River,  neai 
B»^v>iT.  P.k.  -Ifi^ :  'inii^  :taccu«»  chit  AriL&iuii»  BL^ier.  at  Little  Rock,  Ark., 
<)riit;£**  .»«*nit«f  zhti  JLTkikotHia  Ki^wr.  ^  V;ul  Bkins ii«  Ark..  l»ri«ij[);e  across  the  Saint 
Cmva  RlTiir.  ji  ciut  :^C;ftce»  tic*  WusctioiHJL  mi»L  ^LnatiWSik^'St^z  pile  aud  ponton 
hrtii;?^  .tiirtMw  zhti  "M^nmrnHj^^i  E^rvr.  an  Dn.b«i«|^(ii^  Inwa*  bridges  across  the 

LAKE  HJl£Bi>E^  A!n>  KITESSw 


Harhtir^&nDnladi.  3CIiin.,.:S^L:  d^«ti^3^:^apenKN:BaT«WW,.'2^i:  harbor  at  Grand 

Ijt  csxBuym  ow  Lntrr.  C*>e-  J.  W.  Bjlkl«>w.  Coar^  or  Ex^^ixskks — 

OciCAn^LtToa  HArh«>r.  Xioh.. '^TS :  EIita:Ii»  Harbor..  Xk'h^Xan^aiecti^  Harbor,  Mich., 
^l:  li;tf  hfir  «>t  rel^ij:^  as  Gnuiil  3LfcnLi;k  Mich.. ^73 :  M;ULb»ciqa<^  Harlmr,  Mich., 
harbor  rvc  DiiMxta  of  C^iniar  RiT^r.  Xich.>:frt>:  X«fiitffitoae«  HarK>r,  Mich,  and 
WU.,«>rtMico  Harb«>r.  Wt!K.:*rr:  IVf&»akiM  Harth^c.  Wow.Grten  Bay  Harbor, 
WU-.-JfTT:  harbor  ot*  refit^se  at  encraact*  »>t*  ^koroHia  Bar  Canal,  Wis., 279; 
Ahn^p*tr^  Harbor.WL^,  K•^w:ftaII•*«^  H.irboc.Www. -irO :  Tw*»  RtTen  Harbor, Wis., 
:5?l :  Maairow^.H!  Hiri^or.  Wia^,  ShxboT^pwx  Harbuc.  W»..±?e:  Pwt  Washington 
Hari>«'»r.  Wi:«. .  :^3 :  rvmoval  of  ^oakra  raiiel»  ot>«crTKCia^ ««  eDdangering  navi- 
gati«"»c.:i>4. 

I 
Ix  CHARGE  i>r  Cjlft.  W.  L.  Mabsbajuu  Corps  t>r  £x«hxkkk»~ 

Harbor  of  n^fa^.  MlUaak<«  Bav.  Wis..  *?4 :  Mitwaak«nf  Harbor,.  Wis.,  Racine 
Harb»>r,Wi:*..  :fevV:  RettOtfha  Harbor.  Wuk.Waakeg^in  Harb*>r.in..«6;  Fox 
and  Wi;Aron:Hn  rivers  ^T:  exanMnati«i>*^* 

IX  CHARGE  or  MaJ.   W.    H.    H.    BKXTarRI^.  CORfS  or  EXiU^CRKRS— 

Chicago  Harbor.  UK,  ^i^;  Caluui«^t  Harbor.  Itl..  CaluMt  River.  lll.»  Illinois 
RiTer,  UK.  290:  exauunaliou»  aud  MirvrvTSv^L 

IX  CHARGE  OF  MaJ.  JaRRD  A.  SMITM.  CORT?  OF  EXGIXERRS— 

Harbor  ac  Michigan  City.lud»»'il>^:  hartK>r  ai  N>w  Ba*alo.Mich..:i98. 

Is  CHARGE  OF  CaPT.    D,    W.    L\K'KW\Hn\   CORP*  OF   EXGlNRKfc?— 

Charlevoix  Harbor.  Mich..  >ftKU  t>anka^  HarNv.  Mi»»h..  barUir  of  n^fii^  at 
Portage  Lake,  Mich..  ^M :  Maui»t«v  HarU^r.  Mich..  Ludington  Harbor.  Mich., 
295 :  Pentwater  Harbor.  Mich..  White  River  Harbor.  Mich..  2^ :  Muskegon 
Harbor,  Mich..  Graml  Haven  Harln^r.  Mich..  AC  :  Grand  River.  Mich.,  Black 
Lake  Harbor,  Mich..  29^:  Sangatuok  HarUxr.  .Mich..  S^nith  Haven  Harbor. 
Mich.,  29'.>;  Saint  Jo8eph  Harln^r.  Mich..  r*MiK>val  of  wrecke*!  schooner  from 
Charlevoix  Harbor,  Mich.,  3lH^;  exaiuiiiation^  and  surveys.  ;*U. 

In'  CHAiifjK  OF  LiECT.  CoL.  O.  M.  PoK.  CoKrs  OF  KxGiSEKRS.  B\T.  Brig. 
Gkx.,  v.  .S.  a.— 

Hay  Lake  Channel.  Saint  Mary's  River,  Mich.  l*U  :  S.Hinl  Mary  V  Falls  Canal  and 
River,  Mirli,.«>perating  and  care  of  Saini  Mar\  s  KalKs  CanaK  Mich.,  dry  dock 
at  Haint  Mar\'H  Falls  Canal.  Mich..:W2;  harVn^r  ai  ChelH»yg*n.  Mich.,  harlwr 
at  Thunder  Hay,  Mich.,  wa ;  hurln^r  »t  Ail  Sable.  Mich..  Sagtnuw  River, 
Mich.,  :;0.1 ;  harbor  of  refuge,  Sand  Rt^ch.  l^ake  Hnnni,  Mich.,  :^>:»:  ice-harbor 
of  refuse,  Helle  Kiver,  Mich.,  repaint  of  Saint  Clair  Flat*  Cau:iK  Mich.,  opcr 
iitinj:  aud  care  of  Saint  Clair  Flats  Ship-Canal.  Mich.,  3Ut»:  Clinton  River, 
Mich.,  Detroit  River,  Mich.,  307;  examinations  and  snrveys^  :%K 


CONTENTS.  VH 

b  CHAJUSE  OF  BLu.  L.  Ck>OPER  Overman,  Corps  of  Engineers — 

HoDToe  Harbor,  Mich.,  308;  Toledo  Harbor,  Ohio,  309;  Port  Clinton  Harbor, 
Ohio,  310;  Sandnsky  City  Harbor,  Ohio,  311;  Sandnsky  River,  Ohio.  312 ; 
Horon  Harbor,  Ohio,  Vermillion  Harbor,  Ohio,  313 :  Month  of  Black  River, 
Ohio.  314 :  Rocky  River,  Ohio,  Cleveland  Harbor,  Ohio,  315 ;  Fairport  Har- 
bor, Ohio.  317 ;  examination,  318. 

h  CHAJtGE  OF  Capt.  Edward  Maouire,  Corps  of  Engineers — 

Asbubola  Harbor,  Ohio,  318;  Conneaut  Harbor.  Ohio,  Erie-  Harbor,  Pa.,  319; 
Dofliirk  Harbor.  N.  Y.,  320 ;  Buffialo  Harbor.  N.  Y.,  Niagara  River,  N.  Y.,  321. 

b  CHARGE  OF  LlEUT.   COL.   HENRY  M.   ROBERT,  CORPS  OF  ENGINEERS— 
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Hirbor.X.  Y.,  327  ;  S wanton  ifarbor,  Vt.,  Bnrlington  Harbor,  Vt.,  328;  Otter 
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Echo  Harbor,  New  Rochelle,  N.  Y.,  708;  harbor  at  New  Rochelle,  N.  Y.,  709; 
Port  Chester  Harbor,  X.  Y.,712. 

E3CA1IIXATIOX8  AND  SuRVRYS.—Gowauus  Creek,  at  Brooklyn,  N.  Y.,  713  ;  Miu- 
i*oeongo  Creek,  N.  Y.,714;  Saiigerties  Harbor,  on  Hndsou  River,  N.  Y.,715; 
P*-ek8kill  Harbor,  on  Hudson  River,  X.  Y.,  718. 

APPENDIX  G. 

REPORT   OF   MAJ.   GEORGE    L.  GILLESPIE,  CORPS    OF    ENGINEERS, 

BVT.  LIEUT.  COL.,  U.  S.  A. 
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port  Harbor,  N.  J.,  75^;  South  River,  N.  J.,  760;  removal  of  sunken  vessels 
obstmcting  or  endangering  navigation,  762. 
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N.  J.,  K^i;  Saint  Jones  River,  Del.,  835;  Maurice  River,  N.  J.,  d:)6;  Mantna 
Crvek.  N.J.,  K^';  Woodbury  Creek,  N.  L,  S^;  Raccoon  River,  N.J.,  839; 
Indian  River,  Del.,  840;  north  branch  of  Suscioehaunu  River,  Pa.,  842;  con- 
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Breakwater  Harbor,  Del.,  845;  removal  of  wrecks  from  Delaware  Bay  and 
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navigation,  850;  Port  Warden's  Lines,  Philadelphia,  Pa.,  851. 

Examinations  and  Survkys. — Pensauken  Creek,  N.  J.,  85-2;  Lfipsic  River, 
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lH»twt»en  Trenton,  N.  J.,  and  Port  Jervis,  N.  Y.,  855;  Delaware  River  in  front 
of  Philadelphia,  with  a  view  to  its  improvement  by  removal  of  Windmill  or 
Smith's  Island,  or  the  bar  above  the  same,  858;  north  branch  of  the  Snaqae- 
hanna  River,  from  PittHt(»n  to  Athens,  Pa.,  869;  Brandy  wine  River,  from  its 
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River.  Md.,  889;  Corsica  Creek,  Md.,  891;  Chester  River,  at  Kent  Irtland  Nar- 
rows, Md.,  893;  Chester  River,  Md.,  from  Spry's  Landing  to  CramptOD, 
8iKi:  channel  to  Baltimore,  Md.,  8iM;  harbor  of  Annapolis,  Md.,  900;  Chop- 
tank  River,  l>etweeu  Denton  and  Greensborough,  Md.,  901;  harl)OT  of  Cam- 
bridge, Md.,  IKhJ;  Tpjwr  Thoroughfare,  between  DeiPs  Island  and  the  main- 
laud,  iHKi;  Broad  CnM»k,  Del.,  fh>m  the  mouth  to  Laurel,  903;  Wicomico 
Rivor.  Md.,  903;  .lames  River,  Va.,  iH}4;  Appomattox  River,  Va.,  913;  Shen- 
andoah River,  W.  Va.,  tW ;  New  River,  from  the  mouth  of  Wilson,  in  Grayson 
County.  Va.,  to  mouth  of  GnHmbrier  River,  W.  Va.,  928;  Great  Kanawha 
River.  W.Va.,9i8:  Elk  River,  W.Va.,  936;  Cape  Fear  River,  N.C.,  937; 
removini:  sunken  vessels  obstructing  or  endangering  navigation,  948. 

£x.\mixations  and  Si'RVKYS. — Pocomoke  River,  Md.,with  a  view  to  a  cut-off 
ii!  :he  Wnd  just  below  Snow  Hill.  949:  Manokin  River,  Md.,  fh>m  ita  month 
:*•  Pnn^•^•^s  Anne,  9.'»1 :  Pungoteague  Creek,  from  Bogg's  wharf  to  the  waie- 
-•■"*^.  Aoi-omae  County,  Va.,  l>o'i:  Cherrystone  Creek,  Va.,  953;  Wetipsnin 
Crvrij.  Md..  9ot>:  L^le  of  Wight  and  Upper  Synepuxent  bays,  Md.,  and  Indian 
K:-«-r.  1»«-1.,  with  the  intervening  land,  with  a  view  to  connect  their  waters, 
;^7:  Wicomico  Rivt-r.  Md..  fnmi  its  nioiitii  to  Salisbury,  951*;  Hunting  Creek, 
/  vntv,  Va..  i»«U  :  Dividing  Creek,  Talbot  cimntv,  Md.,  9e£ 


CONTENTS.  XI 

APPENDIX  J. 

)RT  OF  MAJ.   PETER   C:  HAIN8,   CORPS   OF  ENGINEERS,  BVT. 

LIEUT.  COL.,  U.  S.  A. 

)rEMEXT9.— Harbors  at  Washington  and  Georgetown,  D.  C,  965 ;  Potomac 
£rer  in  the  vicinity  of  Washington,  D.  C,  970. 

APPENDIX   K. 

lEPORT  OF  MR.  8.  T.  ABERT,  UNITED  STATES  CIVIL  ENGINEER. 

ft 
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Paaankey  River,  Va.,  992;  York  River,  Va.,  994;  Chickahominy  River,  Va., 

996:  Staanton  River,  Va.,  998,999;  Dan  River,  between  Madison,  N.  C,  and 

Duville,  Va.,  1000;  Roanoke  River,  N.C.,  1001;  French  Broad  River,  N.C., 

IMS. 
SxiMOATlONS  ANB   SuRVKYS. — Huirs  Creek,  Northumberland  County,  Va., 

1004;  Piiicataway  Creek,  Prince  Georj^e^s  County,  Md.,  100.5;  Chicamuxen 
Creek.  Charles  County,  Md.,  1005,  Piscataway  Creek,  Essex  County,  Va., 
lOOii:  Port  Tobacco  Creek,  Charles  County,  Md*.,  1008;  Qnantico  Creek,  Va., 
1010:  Piankatank  River,  Va.,  1013;  Great  Wixjomico  River,  from  Cedar  Point 
to  Indian  Point,  Northumberland  County,  Va.,  1016;  Roanoke  River,  N.  C, 
1020. 
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and  the  United  Stat^js  navy-vard,  between  Lauibcrt^s  Point  and  Fort  Nor- 
folk. UKV);  Archer's  Hop©  River,  Va.,  10:U  ;  Blackwater  River.  Va.,  10:U :  Not- 
taway  River.  Va.,  1031:  North  Landing  River,  Va.  and  N.  C,  1032;  Meher- 
rin  River, N.  C,  1034  ;  Currituck  Sound,  Coaniok  Hay,  and  North  River  Bar, 
N.  C..lf*34:  Scupperuouff  River,  N.C.,103.'>:  Edenton  Ray,  N.  C,  1035;  Pamp- 
lico  and  Tar  rivers,  N.  C.,  1030;  Nense  Hiver,  N.  ClOtfr;  Beaufort  Harbor, 
N.C..10;iy:  line  of  inland  navij^ation  from  New  Bt^rno  to  Beaufort  Harbor, 
X.  C.via  Clubfoot,  Harlowe,  and  Newport  riven*,  1U40;    Trent  River,  N.C., 
b>41 :  Cont^ntnea  Creek,N. C.,  1042;  Cape  Fear  River,  from  Wilminj^ton  to 
Favett.-vilIe.N.C.,li>42:  Lillington   River,  N.C.,  1044 ;  Yadkin  River,  N.C., 
I0r>:  New  River,  N.C.,  1046;  Great  Peo  Dee  River,  S.  C,  1047  :   Waccaraaw 
Riv»fr.  S.  C,  1048:  Sautee River,  S.  C,  1049;  Watereo River,  8.  C,  1051 ;  George- 
tow  n  1 1  arbor,  S.  C . ,  1 052. 
Examinations  AND  surveys.— Milford  Haven,  Va.,  1053;  the  Sound  between 
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twef-n  Morehead  Citv,  in  Carteret  Countv,  N.  C,  1062 ;  Town  Creek,  Beaufort 
Conntv,  N.  ('..  KKXJ ;  Bay  River,  N.  C,  1064  ;  Cape  Fear  River,  above  Fayette- 
ville.N'.  C.  1064  ;  Clubfoot,  Harlowe,  and  Newport  rivers,  N.  C,  on  line  of  in- 
land navigation  to  Beaufort  Harbor,  N.  C,  10(55  ;  Kdenton  Bay,  N.  C,  1071. 

APPENDIX  M. 

BEPORT  OF  COL.  Q.  A.  GILLMORE,  CORPS  OF  ENGINEERS,  BVT.  MAJ. 

GEN..  U.S.  A. 

Improvements.— Charleston  Harbor,  S.  C,  107H;  Wai>poo  Cut,  S.  C,  1089; 
E«li«to  River,  S.  C,  1092 ;  Salkieliatehie  River,  S.  C,  1004  ;  Ashley  River,  S.  C, 
I'lC;  Savannah  Harbor  and  River,  Ga.,  109H;  Savannah  liiver,  (Ja.,  1107  : 
■'^avannah  River  above  An;ifUsta,Ga.,  1110;  Saint  Aui^iistine  Creek  (Thunder- 

Mt  River\Ga.,llll  :  Ronierly  Marsh,  Ga.,  1111  :  Altainalia  River,  Ga.,  1114  ; 

Brunswick  Harbor,  Ga.,  1118 :  eniraneo  to  Cunil»erland  Sound,  (ia.  and  Fla., 

ll'Jl :  iuMide  ]>aHi*ap:e  Iwtween  Keniandina  and  Saint  .JoIiu'h  RiviT,  Fla.,  112.5; 

>^aint  Jolm's  River.  P^la.,  1126:  Volusia  Bar,  Fla.,  1134 ;  Upper  Saint  John's* 

River,  Fla.,  ii:rr. 


XII  COXTEXTS. 

EXAMlXATioxs  AXD  SURVEYS. — ^The  chaDDel  of  Saint  Juhrj**  River  at  its  en- 
trance into  and  exit  oat  of  L4ike  Monroe,  and  between  Lake  George  and  Lake 
Monroe,  for  straightening  and  improTing  the  navigation  of  said  riv^r  l>etween 
the  said  lake«,  11^:  to  open  a  passage  between  tb<^  north  end  of  Indian  River 
and  Mor>qaito  Lagoon,  Fla.,  1143. 


APPENDIX  y. 

REPORT  OF  MAJ.  A.  N.  DAMRELL,  CORPS  OF  ENCUNEERS. 

Improvkmexts.— Mobile  Harbor.  Ala.,  li:*2:  Peu«ac<»Ia  Harbor.  Fla..  1161 :  Key 
We8t  Harljor.  Fla,,  1166:  Chattahoochee  River,  Ga.  and  Aia.,  1167:  Flint 
River,  Ga.,  1170:  Appalachicola  River,  Fla..  1174:  Appalachieola  Bay,  Fla., 
1175;  Tampa  Bay,  Fla..  117^:  Sowanee  River.  Fla.,  1179:  Choctawhatehee 
River.  Ala.  and  Fla.,  lldO:  Cahaba  River.  .\la..  11S6:  Tallap«>o6a  River,  Ala., 
11^:  Old  Town  Creek.  ML*,,  1191:  La  Grange  Bavon.  Fla..  1192:  Withla- 
eoochee  River,  Fla.,  1194 ;  Caloosahatehee  River,  Fla.\  1195 :  Pea^j  Creek,  Fla., 
1196 ;  E^ambia  and  Coneenh  rivers.  Fla.  and  Ala.,  1197 :  Alabama  River,  Ala., 
1200;  Black  Warrior  and  Tombigbee  rivers.  Ala.  and  Miss.,  Id04 :  Tombigbee 
River  above  Colombns.  Mias..  1:210:  Xosabee  River.  ML».,  1211 :  Pascagoola 
River,  Mi:S!<^.  1214:  Manatee  River.  Fla.,  1215:  roadstead  leading  into  Back 
Bay  of  Bilo3d.  Miss.,  1217 :  removing  sanken  vessels  obc^tractiug  or  endanger- 
ing navigation.  1217. 

ExAMixaTiONS  AXD  SURVEYS.— Harbor  at  Cedar  Keys,  Fla..  especially  the 
northwest  channeL  121:^ ;  channel  inside  the  shoals  along  the  coast  of  Florida, 
from  Cedar  Keys  to  Clear  Water  Harbor  and  Tampa.  Fla..  1220 ;  Saint  Mark's 
River,  Fla.,  1222:  harbor  at  Cedar  Keys,  Fla.,  1223:  shoal  betwt-en  Danpbin 
Island  and  Cedar  Point,  Ala..  1227. 


APPENDIX  O. 

REPORT  OF  CAPT.  THOMAS  TCRTLE.  CORPS  OF  EXGIXEERS. 
Inspection. — Improvement  at  the  Sooth  Pans  of  the  Mi»issippi  River.  12^^. 

APPENDIX  P. 

REPORT  OF  CAPT.  THOMAS  TURTLE,  CORPS  OF  EXGIXEERS. 

I3CPROTEMENTS.— Sabine  Pass  and  Bine  Bock  Bar,  Tex..  I'i49:  Sabine  River, 
La,  and  Tex.,  1255:  Neches  River,  Tex.,  1256. 

APPENDIX  Q. 

REPORT  OF  MAJ.  AMOS  STICKN-EY.  CORPS  OF  ENGINEERS. 

Imfrovkmentsl— Pearl  River  from  Jackson  to  Carthasre.  Miss..  12.'i9:  Pearl 
Rirer  below  Jackson.  Miss.,  1262 :  Amite  River,  La..  1263 :  Tangipahoa  River. 
La.,  1266:  Tchefiincte  River,  La..  1268:  Tickfaw  River.  La.,  1271:  Bayon 
Teche,  La..  1272;  connecting  Bayon  Tecbe  with  Grand  Lake  at  Charenton, 
La.,  1275:  Bayou  Black.  Li.  1276:  Bayon  Conrtablean.  La..  1277:  Bayou 
Terreljonne.  La.,  1279:  EUvon  La  Fourcbe.  La.,  ld^>:  Calcasien  River,  La.. 
1«?1:  Calcasieu  Paw,  La.,*12H2. 

EXA3ffiXATioxs  AND  sr^VETS. — Bogue  Falia.  La.,  12^3:  Atchafalaya  River  l»e- 
tween  Berwick's  Bay  and  the  Gulf  of  Mexico,  1285:  water-nMite  to  connect 
Calcasien  River  with  Sabine  Pass.  12*v>:  P»*,-irl  River,  Mis*..  alH»ve  Cinhage. 
12*^.:  Natalbanv  River.  I-a..  12^:  Bavon  I^  Fonrcbe,  La..  1291. 
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APPENDIX  R. 

r  OF  MAJ.   S.  M.  MANSFIELD,   CORPS  OF  ENGINEERS,   BVT. 

LIEUT.  COL.,  U.  S.  A. 

:mests. — Eutrance  to  GalTeston  Harbor,  Tex.,  1295 ;  ship-chaimel  in 
-um  Baj.  Tex..  1303;  Trinity  River,  Tex.,  1304;  Buffalo  Bayon,  Tex., 
month  of  Brazos  River,  Tex.,  1309;  Pass  Cavallo  Inlet  to  Matagorda 
»I0 :  AranHas  Pass  and  Bay,  up  to  Rockport  and  Corpus  ChristiTxex., 
iurlior  at  Brazos  Santiago,  Tex.,  1316 ;  protection  of  river  bank  at  Fort 
.  Tex.,  1320. 

APPENDIX  S. 

EPORT  OF  MAJ.  A.  M.  MILLER,  CORPS  OF  ENGINEERS. 

MEXTS. — Red  River,  La.,  1322;  Ouachita  River,  Ark.  and  La.,  1329; 
Bartholomew,  La.  and  Ark.,  1330 ;  Bceuf  River,  La.,  1331 ;  Tensas  River, 
M  ;  Cypress  Bayou.  Tex.  and  La.,  VXV2;  Yazoo  River,  Miss.,  1333;  Big 
w-t-r  River,  1344;  Tchnla  Lake,  Miss.,  i:W5 ;  Tallahatchee  River,  Miss., 
Joldwater  River.  Miss.,  VXiQ;  Yallabusha  River,  Miss.,  1337;  Big  Hat- 
i  V  *-r, Teuu.,  I:i37 ;  South  Forked  Deer  River,  Tenu.,  1338 ;  water-gauges 
Mississippi  River  and  its  principal  tributaries,  1341. 
vTiONS  AND  .SURVEYS. — Yallabu.sha  River,  above  Grenada,  Miss.,  1342; 
«M>na  River,  Miss.,  l'M4:  Sulphur  River,  Tex.,  from  its  mouth  to  Sul- 
'T^ition,  134.'> :  Bayou  Roundaway  and  Bayou  Vidal,  La.,  1347;  Oua- 
!i  v«*r.  from  Camden  to  Arkadelphia,  Ark.,  i;i51 ;  Yazoo  Pass,  with  a  view 
nectiou  with  the  Mississippi  River,  1355;  Roebuck  Lake,  a  tributary 
'M>  River.  Minn.,  1357  ;  Ste«'le'«  Bayou,  Miss.,  from  its  mouth  to  Swan 
ill  Wasliinjfton  County,  i:i60 ;  Black  River,  from  its  mouth  to  Trinity, 
r  shorteuiug  its  channel  by  a  cut-ott',  1363 ;  Loggy  Bayou,  Lake  Biste- 
tad  the  Dorc'heat,  La.,  lli&i;  Caue  River,  La.,  I'SSd;  Petit  Ause  Bayou. 
w;ii:  mouth  of  Lake  Palmyra,  where  it  entera  the  Mississippi  River, 
U'Arbonne  River,  La.,  137*i ;  the  harbors  of  Monroe  and  Trenton,  La., 
I  >iia(bita  River,  from  its  month  to  Camden,  Ark.,  1386. 

APPENDIX  T. 

PORT  OF  MA.T.  MILTON  B.  ADAMS,  CORPS  OF  ENGINEERS. 

kmf:ni>  — Rfinoving  snags,  wrecks,  «fcc.,  from  Arkansas  River,  Ark., 

White  and  Saint  Francis  rivers,  Ark.,  13^2;  Arkansas  River  at  Pine 

Ark,  i:i93:  Arkansas  River  between  Fort  Smith,  Ark.,  and  Wichita, 

IXKi:  White  River  between  Jacksonport  and  Buffalo  Shoals,  Ark.,  1401; 

Rivt-rabov*;  Butfah»  Shoals,  Ark..  140*2;  L'Anguille  River,  Ark.,  1403; 

Kivir,  Ark.  and  Mo.,  1403;  Saline  River,  Ark.,  1404. 

vTioNs  AND  SURVEYS. — Arkansas  River,  from  Wichita,  Kans.,toFort 

n,  Indian  Territory,  1405  ;  Little  River  and  Saline  Oreek,  Ark.,  1406;  Big 

1  Metn.  Ark.,  from  its  month  up,  UOH ;  White  River,  Ark.,  at- the  Mem- 

nd  Little  Rock  Railroad  Bridge,  near  Duval's  Bluff,  with  a  view  of  re- 

ig  obstrnctious  from  the  channel,  1409. 

APPENDIX  U. 

REPORT  OF  MAJ.  O.  H.  ERNST,  CORPS  OF  ENGINEERS. 

KMENTS. — Mississippi  River,  between  the  Illinois  and  Ohio  rivers,  1411; 
)r  and  Mississippi  River  at  Alton,  III.,  1527  ;  Mississipjii  River  ojiposite 
ty  of  Saint  Lonis,Mo.,  1527 ;  Mississippi  River  at  or  near  Cape  Girardeau, 
ilri,  and  Mintoii  Point,  111.,  ir>29;  Osage  River,  Kans.  and  Mo.,  1529. 
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PART    III. 

APPENDIX  V. 

REPORT  OF  MAJ.  CHARLES  R.  SUTER,  CORPS  OF  ENGINEERS. 

iMfiiOVKMKNTS.— Removing  snags  and  wrecks  from  the  Mississippi  and  K 
ttouri  riv<?rH,  1531 ;  Missouri  River  from  its  mouth  to  Sioux  City,  Iowa,  IS 
uurvay  of  Missoari  River  from  its  month  to  Fort  Benton,  Mont.,  1538;  Q 
tutumiti  River,  Mo.,  1540. 

APPENDIX  W. 
REPORT  OF  CAPT.  JAMES  B.  QUINN,  CORPS  OF  ENGINEERS. 

IMI'KOVKMKNTH. — Missouri  River  from  Sioux  City,  Iowa,  to  Fort  Benton,  154 
Yi'MownUmti  River,  Mont,  and  Dak.,  1543. 

APPENDIX  X, 

RKPOUT  OF  MAJ.  ALEXANDER  MACKENZIE,  CORPS  OF  ENGINEE 

ImI'IU/vkmkn'IH,-— (J|)p<^r  MiifHiHsippi  River,  operations  of  snag-boat,  &c.,  154 
i4imitm\\nt\  liivi^r  feom  Saint  Paul  to  the*  Des  Moines  Rapids,  1550 ;  Mississip 
Ui^t*.r  from  lU'n  Moines  Rapids  to  mouth  of  Illinois  River,  1560;  harbors 
n'-Uin*',  tm  l>ttk<i  Pepin,  1570 ;  removal  of  bar  in  Mississippi  River  opposite  D 
Uuniti'.,  lowti,  1571 ;  Ice-harbor  at  Dubuque,  Iowa,  1571 :  Rock  Island  Rapic 
MtntiiiMippi  River,  1572;  harbor  at  Rock  Island,  111.,  1575;  harbor  at  Muse 
f.ifi«{,  Iowa,  1575;  Des  Moines  Rapids.  Mississippi  River,  1576;  operating  at 
i'urmtf  l)if«  Moines  Rapids  Canal,  1580;  dry-dock  at  the  Des  Moines  Rapl< 
(tMiiiif  UHi ;  MinNisNippi  River  at  Quincy,  111.,  1588 ;  Qninoy  Bay,  1590. 

KXAMiWATloNN  ANI*  SuiiVEYH.— Iowa  River  from  Wapello  to  its  month,  159 
I'tu't^UmUm  Hivv.r  from  Argyle  to  Wayne,  La  Fayette  County,  Wis.,  1593. 

APPENDIX  Y. 

RKPORT  OF  MAJ.  CHARLES  J.  ALLEN,  CORPS  OF  ENGINEERS. 

JjHf'KovKMKMTM.^J'resctrvation  of  Falls  of  Saint  Anthony,  Minn.,  1596 ;  Missi 
Nlpiii  Itivftr  above  the  Falls  of  Saint  Anthony,  Minn.,  1597;  construction  < 
Uu'M  and  diirii  <;ti  MissiHsippi  River  at  Meeker's* Inland,  Minn.,  1599;  Chippew 
River,  Wlti.,HiOO;  Chl|»f)«wa  River  at  Yellow  Banks,  Wis.,  1603;  Ssuut  Croi 
River  \u'Utw  Tiiylor'M  Falls,  Minn,  and  Wis.,  1606;  Minnesota  River,  Minn 
M'fifJ;  Red  Riverof  the  North,  Minn,  and  Dak.,  1610;  construction  of  lock  an 
dam  at  Ooom>,  Rfipidn  tni  litul  iiiverof  the  North,  Minn,  and  Dak.,  1612;  resei 
voirs  upon  th<)  lieadwaterHof  the  MisHisHitmi  River  and  its  tributaries,  1614 
surveys  for  reservoirHat  theKOiircesof  the  Mississippi,  Saint  Croix,  Chippewa 
and  WisronNin  rivers,  1631. 

Examinations  and  Hcjiivkvs.— The  source  of  Minnesota  River,  near  the  foot  o 
IJi^  Htone  Lake,  with  a  viinv  of  its  being  added  to  the  reservoir  system  of  th« 
Mississippi  and  its  t  ribntaries,  1()32 ;  the  lakes  near  the  headwaters  of  Caunoi 
River,  in  Rice  and  I^e  Sueur  counties,  Minn.,  with  a  view  to  adding  the  same 
to  the  res<'rvoir  systtuu  of  the  MiMsissij)pi  and  itH  tributaries,  1634 ;  Miuuesoti 
River,  near  the  village  of  Helle  Plaiiie,  with  a  view  to  preventing  the  washing 
away  of  the  banks  or  said  river  opposite  said  village,  1637. 

APPENDIX  Z. 

REPORT  OF  MAJ.  WILLIAM  R.  KING,  CORPS  OF  ENGINEERS. 
Improvements.— Tennessee  River,  1631);    Cumberland  River,  1644;    Hiwasse 


Ky.,1660. 
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I  IZAMiKATiONS  AXi>  SURVEYS. — Cnmberlaud  River  and  its  principal  tribntariea 
I  abcrre  PineTille,  Ky.,  1661 ;  coat  of  placing  locka  and  dams  on  the  Cumberland 
I       ^Ter,  from  NaahTille,  Tenn. ,  to  the  Cincinnati  Son  them  Railroad,  in  Ky . ,  1662. 

I  APPENDIX  A  A. 

BEPORT  OF  LIEUT.    COL.  WILLIAM  E.    MERRILL,  CORPS  OF  ENGI- 
NEERS, BVT.  COL.,  U.  S.  A. 

IXFIOTKMENTS. — Ohio  River,  1678 ;  operating  and  care  of  Louisville  and  Port- 
land Caiud,  1692;  falls  of  the  Ohio  River  at  Louisville,  Ky.,  1699 ;  Mononga- 
Wla  Stver,  W.  Ya.  and  Pa.,  1699 ;  Allegheny  River,  Pa.,  1702 ;  ice-harbor  at 
BoaSh  of  Mnskingiim  River,  Ohio,  17U3 ;  harbor  of  refuge  near  Cincinnati, 
0Ua,1703. 

Exajoxations  A3a>  SuRVBTS. — ^Tionesta  Creek,  Pa.,  1704;  ice-harbor  at  Mid- 
dlcpoTt,  Meigs  County,  Ohio,  1707 ;  Ohio  River  at  Rochester  and  Freedom, 
Pa.,  for  ice-breakers,  1710 ;  channel  through  Grand  and  Little  Chains  in  the 
Ohio  River,  1715;  Toughiogheny  River,  from  McKeesport  to  Connellsvilie,  Pa., 
1716:  Tygart's  Valley  and  Buckhannon  rivers,  W.  Va.,  1718. 

APPENDIX  B  B. 


\ 


REPORT  OF  CAPT.  JAMES  C.  POST,  CORPS  OF  ENGINEERS. 

iMpmoTEMZNTS. — ^Kentucky River, Ky.,  1723;  Tradewater River, Ky.,  1747:  Big 
Sandy  River,  W.  Va.  and  Ky.,  1749;  Guyandotte  River,  W.Va.,  1753;  Little 
Kanawha  River,  W.  Va.,  1754. 

EXAMIXATIOK. — Louisa  Fork  of  the  Big  Sandy  River  to  Grundy  Court  House, 
Va..l756. 

APPENDIX  C  G. 

REPORT  OF  MAJ.  JARED  A.  SMITH,  CORPS  OF  ENGINEERS. 

iMPBovuiEKTB. — ^Wabash  River,  Ind.  and  111.,  1757;  White  River,  Ind.,  1765. 
£xAMiNATioN.^-Stune  formation  in  Kankakee  River  at  Momeuce,  111.,  1766. 

APPENDIX  DD. 

BRIDGIKG  NAVIGABLE  WATERS  OF  THE  UNITED  STATES. 

Bridge  acro^A  Thames  River,  near  New  London,  Conn.,  1769;  bridge  acrosH  the 
Ohio  River,  at  the  city  of  Wheeling,  W.  Va.,  1772;  bridge  across  the  Ohio 
River,  near  Beaver,  Pa  ,  1778;  bridi;e  acrosH  the  Arkansas  River,  at  Little 
Rock,  Ark.,  1788 ;  bridge  across  the  Arkausas  River,  at  Van  Buren,  Ark.,  1792 ; 
bridges  across  the  Great  Kanawha  River,  W.  Va.,  1796. 

APPENDIX  EE. 

REPORT  OF  MAJ.  CHARLES  J.  ALLEN,  CORPS  OF  ENGINEERS. 

Impbovemzxts.— Harbor  at  Duluth,  Minn.,  1809 ;  dredging  Superior  Bay,  Wis., 
1^1^;  harbor  at  Grand  Marais,  Minn.,  1822. 

APPENDIX  F  F. 

REPORT  OF  LIEUT.  COL.  J.  W.  BARLOW,  CORPS  OF  ENGINEERS. 

iHPKOVKMENTS.— Ontonaeon  Harbor,  Mich.,  1825;  Eagle  Harbor,  Mich.,  1828; 
Marquette  Harbor,  Mich.,  1829;  harbor  of  refuge  at  Grand  Marais,  Mich., 
1^1 ;  Manistiqne  Harbor,  Mich.,  18:V^ ;  harbor  at  mouth  of  Cedar  River,  Mich., 
Hii:  Menonionee  Harbor,  Mich,  and  Wis.,  1835;  Oconto  Harbor,  Wis.,  1840; 
Pensaokee  Harbor,  Wis.,  1842;  Green  Bay  Harbor,  Wis.,  1844;  harbor  of 
rtfage  at  entrance  of  Sturgeon  Bay  Canal,  Wis.,  184<> ;  Ahuepee  Harbor,  Wis., 
1847;  Kewaunee  Harbor,  Wis.,  1849;  Two  Rivers  Harbor,  Wis.,  1851;  Mani- 
towoc Harbor,  Wis.,  1853;  Sheboygan  Harbor,  Wis.,  1855;  Port  Washington 
Harbor,  Wis.,  1858;  removal  of  sunken  vessels  or  craft  obstructing  orendan- 
fering  navigation,  1860. 
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APPENDIX  GG. 

REPORT  OF  CAPT.  W.  L.  MARSHALL,  CORPS  OF  ENGINEERS. 

Improvements. — Harbor  of  refuge,  Milwaukee  Bay,  Wis.,  1863;  Milwaukee 
Harbor,  Wis.,  1866;  Racine  Harbor,  Wis.,  1867;  Kenosha  Harbor,  Wis.,  1869; 
Waukegau  Harbor,  111.,  1871 ;  Fox  and  Wisconsin  rivers,  1872. 

Examination.— Wisconsin  River  from  Portage  to  Merrill,  1939. 

APPENDIX  H  H. 

REPORT  OF  MAJ.  W.  H.  H.  BENYAURD,  CORPS  OF  ENGINEERS. 

Improvements.— Chicago  Harbor,  111.,  1943 ;  Caln,met  Harbor,  111.,  1946 ;  Calu- 
met River,  1947 ;  Illinois  River,  194^*. 

Examinations  and  Sur\'^Y8.— For  Hennepin  Canal,  and  for  the  enlargement 
of  the  Illinois  and  Michigan  Canal,  1950;  Calumet  River,  111.  and  Ind.,  1951; 
Sangamon  River  from  its  mouth  to  Petersburg,  1952 ;  Hllnois  and  Des  Plaines 
rivers,  between  La  Salle  and  Joliet,  1957. 

APPENDIX  1 1. 

REPORT  OF  MAJ.  JARED  A.  SMITH,  CORPS  OF  ENGINEERS. 

Improvements.— Harbor  at  Michigan  City,  Ind.,  1965 ;  harbor  at  New  Bui!alo, 
Mich.,  1969. 

APPENDIX  J  J.      . 

REPORT  OF  CAPT.  D.  W.  LOCKWOOD,  CORPS  OF  ENGINEERS. 

Improvements. — Charlevoix  Harbor,  Mich.,  1971;  Frankfort  Harbor,  Mich., 
1973;  harbor  of  refuge  at  Portage  Lake,  Mich.,  1974;  Manistee  Harbor,  Mich., 
1976;  Ludington  Harbor,  Mich.,  1977;  Pent  water  Harbor,  Mich.,  1978;  White 
River  Harbor,  Mich.,  1981 ;  Muskegon  Harbor,  Mich.,  1983;  Grand  Haven  Har- 
bor, Mich. ,  1984 ;  Grand  River,  Mich.,  1986;  Black  Lake  Harbor,  Mich.,  1987; 
Sangatnck  Harbor,  Mich.,  1989;  South  Haven  Harbor,  Mich.,  1991;  Saint 
Joseph  Harbor,  Mich.,  1993;  removing  wrecked  schooner  from  Charlevoix 
Harbor,  Micb.,  1995. 

Examinations  and  Surveys.— Harbor  at  Cross  Village,  Mich.,  1995;  for  har- 
bor of  refuge  at  Ludington,  Mich.,  1999. 

APPENDIX  K  K. 

REPORT  OF  LIEUT.  COL.  O.   M.   POE,  CORPS  OF  ENGINEERS,  BVT. 

BRIG.  GEN.,  U.  S.  A. 

Improvements. — Hay  Lake  Channel,  Saint  Mary's  River,  Mich.,  2004;  Saint 
Mary's  Falls  Canal  and  River,  Mich.,  2011:  operating  and  care  oi  Saint 
Mary's  Falls  Canal,  Mich.,  2016;  dry  dock  at  oaint  Mary's  Falls  Canal,  Mich., 
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APPENDIX   T  T. 


MISSISSIPPI  RIVER  COMMISSION. 


To  the  Senate  and  House  of  Representatives: 

I  transmit  herewith  to  the  Hoase  of  Represeutatives  a  communication 
firom  the  Secretary  of  War  submitting  the  annual  report  of  the  Missis- 
sippi River  Commission. 

I  take  this  occasion  to  invite  the  early  attention  of  Congress  to  the 
eontii) nation  of  the  work  on  the  Mississippi  River,  which  is  being  carried 
00  under  the  plans  of  the  Commission.  My  sense  of  the  importance  of 
the  improvement  of  this  river,  not  only  to  the  people  of  the  Northwest, 
bat  especially  to  the  inhabitants  of  the  Lower  Mississippi  Vallej^,  has 
already  been  expressed  in  a  special  communication  to  the  last  Congress. 
The  harvests  of  grain  and  cotton  produced  in  the  region  bordering  upon 
the  Mississippi  are  so  vast  as  to  be  of  national  importance,  and  the  pro- 
ject now  being  executed  for  their  cheap  transportation  should  be  suffi- 
ciently provided  for. 

The  Commission  report  that  the  results  due  to  the  still  uncompleted 
works  have  been  remarkable,  and  give  the  highest  encouragement  for 
ex])ecting  the  ultimate  success  of  the  improvement. 

Tiie  act  of  August  2,  1882,  appropriated  $4,123,000  for  the  work  on 
that  part  of  the  river  below  Cairo.  The  estimates  of  the  Commission 
already  transmitted  to  Congress  call  for  $3,000,000  for  the  continuation 
of  the  work  below  Cairo ;  and  it  appears  from  their  report  that  all  of 
the  last  appropriation  available  for  active  operations  has  been  exhausted, 
and  that  there  is  urgently  needed  an  immediate  appropriation  of 
#1,000,000  to  continue  the  work  without  loss  of  time,  in  view  of  the  ap- 
proach of  the  flood  season  with  its  attendant  dangers.  1  therefore  rec- 
ommend to  (Congress  the  early  passage  of  a  separate  bill  on  this  subject. 

Chester  A.  Arthur. 
Executive  Mansion,  January  8,  1884. 
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letter  of  the  secretary  of  war. 

War  Department, 
Wa^Mngion  City,  January  7,  188 

Sir  :  I  have  the  honor  to  submit  herewith,  for  transmission  to  ( 
gross,  the  annual  report  of  the  Mississippi  River  Commission  for 
year  188;^. 

Very  respectfully,  your  obedient  servant, 

Robert  T.  LincoIn, 
Secretary  of  Wa 

The  Tkesident. 


REPORT. 


The  Mississippi  River  Commission, 

President's  Office, 
Xew  York,  December  21,  1882[a 

Sir  :  The  ^lississippi  River  Commission  have  the  honor  to  sal 
the  following  report,  embracing  the  subjects  and  subdivisions  speci 
Ih*1ow,  to  wit : 

1.  rix>gress  of  surveys  and  examinations  since  December  1,  1882 

2.  Construction. 

X  Remarks  on  the  subjects  of  levees  and  outlets. 

i.  Legislation. 

5.  Financial  statements  and  estimates  of  funds  for  the  fiscal  year  i 
ing  J  uue  oO,  1885,  for  "  Surveys  and  expenses  of  the  Commission  ^ 
for  **  Iiupn^ving  the  Mississippi  River.** 

PROGRESS  of  SlTiVEYS  AND  EXAMINATIONS. 

The  surveys  and  examinations^  undertak<'n  in  pnrsaance  of  the 

nuiivmonts  of  the  thini  section  of  the  organic  act,  have  been  contini 

Fiviu  l>oivmlH*r  1,  1882,  to  l>ecember  1,  18^3,  the  following  prog] 

(»%;Hi!^s. — Uailv  ivadinsrs  have  l>etni  continuetl  at  the  stations  m 
taiuinl  l\v  t!io  Couuuission,  and  two  new  gauges,  at  Gray's  Pointy  1 
;uul  Columbus,  Ky.,  have  Ihvu  esiablisheii.  This  service  has  b 
;rtviUl\  iuipivviHl  during  the  jKist  year,  and  its  value,  both  as  an  ai< 
i.uvic^tiou  and  as  a  sininv  of  hydraulic  data«  greatly  enhanced. 
Muall  stoaiuor  lias  Ihvu  pun*has*Hl  and  equipped  for  the  duty  of  mi 
(ainii\;;:  thest^  ii.ai^i^vs  in  iMmvt  iHxsiiion,  and  insuring  aceuniey  of  rec 
and  du^plax*  fliis  IhkU  is  cvnisianily  i^is^iug  up  and  down  the  ri 
iu  :ho  *t  v^rfv^niuuuv  of  this  as  her  prinoijvU  duty.  She  visits  each  gjk 
a(  \ast  vnuv  a  moath.  Tiie  daily  readings  are  cv^asjMcuously  disp^; 
ou  lniUo;iu  ls\u\is.and  ar\^  now  a  pnmunent  feature  of  the  records^ 
l\\  p;U^t^  :\n  thou  uuuual  iafonuarion.  The  Imlletins  are  freqaei 
ivaa  ac  itu:at  l^\  a\t\uvs  of  the  cUvtrio  lisrht. 

['  ^  ..\-'f  \.  —  Nv>  tUId  wvnk  l:as  Iveu  diHKMluring  the  vear.  ^. 
avV'^'^^*-"'^  •  '  '^^^^*  ivxiiiv'iiou  of  pr\n  vus  wo^x  h:^s  been  completed. 

,*'•  •  X  .  X  V.io  Iti-o  has  lvv:i  vvn:;aut\l  northward  along  the  ri 
t;\K:i  V  >,*  ;v^  \  low  .u  :oS.>\  a!t:*a^.»  HI.  i^.*  utiles  .arid  thence  to  Lake  Mi 
u,;:\  a'v  i  :;  v\-^o  1 4>  lu  Ios\  I  ho  rt\iuo;:o:i  of  the  i^su-t  fh>m  Clintoi 
Ss5\,;::.\r»  .i;*vl  .;*s.^  v^t"  :!:o  iviuaituUr  v^t'  iho  line  fn.HU  Gnifton  to  £ 

V  »  K  *  ft  % 

V.  v'  :vv\^;\l  v^;  :i;o  i.vio  i^.ii^^v  ou  :ho  Vtult  v^'  Mexko  baikS  been  ccml 
vu\i  v^x\  ir.^;;  ;o  :ho  vvt^swioiaMe  vUS^*r>^|ViiK*:es  ia  tbe  me^uis  of  differ 
lu:\^;:oi^<x ::  h;»^  Nvu  lUouN.Ut  ut\>iK\v:s:*i<ie  to  terminate  tlie  series, 
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tkittlie  meftn  Golf  level,  upon  ivhich  all  elevations  are  finally  to  depend, 
xoBaiDs  andetermined. 

fTiMl  fopo^nqiAy  and  hydrography,  on  the  same  scale  as  mentioned  in 
b^  report,  has  been  completed  from  10  miles  above  Yicksbnrg  to  Don- 
iMionville,  a  dwtance  of  297  miles ;  from  Island  No.  1  to  Donaldson's 
Faint.  60  miles;  irom  Gamthersville  to  Plum  Point, .58  miles;  from  Kan- 
dolph  Point  to  Memphis,  15  miles ;  and  from  Commerce  Cnt-off  to  Trot* 
ter*s  Landing,  33  miles,  making  a  grand  total  of  463  miles  of  river  sur- 
veyed daring  the  year. 

In  connection  with  this  branch  of  work,  occasion  was  tnken  to  repeat, 
in  the  fall  of  1882,  the  cross-sections  near  the  principal  crevasses  of  the 
prKeding  flood,  for  comparison  with  measurements  of  the  same  sections 
ude  previous  to  the  flood. 

Detail  charts  (scale  of  nr^)  fi*om  Arkansas  City  to  Greenville,  and  ' 
from  Lake  Providence  to  Waterproof,  comprising  160  miles  of  river,  have 
been  plotted  and  drawn  in  the  ofiQce.  In  addition,  the  remaining  sheets 
to  Donaldsonville  are  partially  completed.  The  preparation  of  the  pre- 
liminary chart  (one  inch  to  a  mile)  has  been  continued,  live  sheets,  ex- 
tending to  Rodney,  Miss.,  having  been  drawn,  and  five  sheets,  extending 
to  the  foot  of  Island  97,  published. 

TransaUurial  levels. — ^The  system  of  lines  undertiikeu,as  noted  in  the 
Reix>rt  of  the  Commission  for  1881,  p.  3,  to  obtain  information  as  to  the 
heights  of  the  alluvial  bottom  lands  and  their  reservoir  capacity,  was 
completed  daring  the  past  year. 

Other  work  in  the  same  direction^  consisting  of  160  miles  of  levels  in 
the  country  between  Lower  Bed  Biver  and  the  Atchafalaya,  has  been 
completed. 

Obserratiang. — The  series  of  measurements  at  Paducah,  Columbus, 
Helena,  Hays'  Landing,  and  Bed  Biver  Landing,  which  closed  in  De- 
cem1>er,  1882,  have  been  reduced.  The  measurements  of  escape  through 
crevasses  and  otherwise  were  repeated  for  the  flood  of  1883,  which  was, 
at  Cairo,  the  highest  on  record.  This  work  was  not  continued  below 
Vitksburg,  since  at  that  point  the  flood  was  several  feet  below  that  of 
lsSi\  and  was  no  longer  of  unusual  magnitude. 

niffh  kcater  marks  and  slope. — ^Tbe  collection  of  reliable  high-water 
marks  of  IJ583,  and  previous  years,  has  been  continued.  The  profile  of 
the  water  surface  was  determined  for  the  low  water  of  October,  1883, 
fitmi  Saint  Louis  to  New  Orleans. 

A  tiiianeial  statement  and  an  itemized  statement  of  the  expenditure 
of  the  appropriation  in  act  of  August  2,  1882,  appear  below. 

The  following  papers  relating  to  the  work  of  surveys  and  exaniiiia- 
tiourt  are  submitted  as  appendices  to  this  report : 

Apjp^udix  A. — Annual  rej>ort  of  the  secretary  of  the  Commission  upon 
the  field  work  of  surveys  and  examinations. 

Appendix  B. — Re[K)it  ui)on,  and  final  results  of,  secondary  triaugul^i- 
tion  from  Cairo  to  Keokuk. 

Appendix  C. — Report  upon,  and  results  of,  precise  leveling  from  Car- 
rolltou  to  iiiloxi,  and  from  Cairo  to  Fulton. 
Appendix  I). — ReiK>rts  upon  field  work  of  topography  and  hydrog- 

Appindix  E. — Reiwrt  upon  the  work  of  trans-alluvial  leveling,  with 
profiles  of  the  lines. 

Appendix  F. — Be]K>rts  upon  and  results,  of  observations  of  river  dis- 
cliar;;:e  at  various  ]K>ints. 

Appendix  O. — Beport  upon  changes  of  the  Mississippi  Biver,  as  shown 
l^y  comparison  of  the  earliest  and  latest  authentic  surveys. 
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CONSTRUCTION. 

At  the  date  of  the  last  aoDoal  report  of  the  Oommissiony  Deo 
1, 1882,  work  had  been  fairly  inaagarated  on  the  Plam  Point  anc 
Providence  Eeiaches,  and  also  in  the  vicinit}*  of  Memphis  and  Vicb 
and  throaghont  December  and  January  the  work  was  poshed  with 
vigor.  Unfortunately  the  extremely  cold  weather  interfered  aei 
with  the  stone  supply  from  the  Ohio  and  Upper  Mississippi,  the  m 
ice  at  times  entirely  cutting  off  access  to  the  quarries.  As  a  conseq 
of  this  there  was  a  large  accumulation  of  mattress  work,  both  foi 
revetment  and  for  pOedike  foot  mats,  which  was  afloat  in  place^  b 
sunk  for  lack  of  stone.  In  this  condition  of  affairs,  early  in  Fel 
the  river  began  to  rise  rapidly,  bringing  down  great  quantities  oi 
while  the  heavy  running  ice  on  the  Mississippi  and  Ohio  still  pre^ 
the  procuring  of  an  adequate  supply  of  stone.  Efforts  were  mi 
use  sa<;ks  of  sand  instead,  but  without  much  success,  and  at  both 
Point  and  Lake  Providence  a  considerable  amount  of  mattress 
was  lost.  At  the  former  place  the  uncompleted  pile  dikes  also  sn 
considerable  damage  from  the  accumulation  of  drift  and  the  stron 
rent,  due  to  the  rapid  rising  of  the  river.  This  rise  continuec 
iiually  culminated  in  a  flood  nearly  as  great  as  that  of  1882,  and  tl 
forth  a  very  high  stage  of  water  prevailed  continuously  until  alxw 
end  of  July.  During  this  period  work  was  continued,  though  ' 
very  great  disadvantages,  and  was  of  necessity  mainly  confined  to 
on  the  dikes,  which  required  constant  watching  and  repairs  durinj 
long-continued  high  water. 

After  the  subsidence  of  the  flood  the  construction  of  mattress 
bank  revetment  was  resumed,  but  the  season  proved  unnsurilly  s 
and  labor  was  scarce  and  inelficient.  Nothing  of  consequence  w; 
complished  until  the  advent  of  the  cool  weather  in  the  fall,  since  i 
time  work  has  progressed  favorably  and  rapidly.  Every  endeavc 
been  made  to  place  the  work  in  a^  safe  a  condition  as  possible,  i 
is  greatly  to  be  feared  that  this  can  only  be  partially  accomplish^ 
the  funds  now  available,  the  balance  of  last  year's  appropriation 
only  admit  of  carrying  on  active  operations  till  about  the  mid< 
December,  after  which  time  all  work  must  cease  until  Congress  n 
a  further  appropriation  for  its  prosecution.  The  Coinmi8J*ion  feel 
they  cannot  too  strongly  urge  upon  Congress  the  necessities  of  tht 
and  the  need  of  early  relief,  as  the  flood  season  with  all  its  attei 
danger  is  close  at  hand,  and  the  Commission  before  that  time  will 
exhausted  all  its  available  funds,  only  reserving  such  amounts  a 
absolutely  needed  for  the  care  and  preservation  of  the  extensivi 
costly  plant  belonging  to  the  works.  An  appropriation  of  81,00 
made  immediately  could  be  advantageously  used. 

The  past  year,  with  its  many  vicissitudes,  has  been  fruitful  in  ' 
able  experience,  experience  which  was  uuich  needed,  in  view  of  the 
nitude  and  of  the  untried  diflicnlties  of  the  work. 

This  experience  has  shown  that  thi^  principles  upon  which  the  ( 
mission  have  based  their  work  are  perfectly  sound,  and  in  this  ret 
no  moditication  seems  necessary,  though  with  regard  to  details  of 
struction  some  changes  have  been  called  for. 

The  contraction  works,  consisting  essentially  of  dikes  of  piling, 
taining  curtains  or  screens  of  brush,  proved  generally  too  weak  foi 
work  imposed  upon  them.    The  great  depth  of  water  in  which 
must  be  maintained,  the  enormous  accumulations  of  floating  drift, 
the  long  duration  of  the  high- water  period,  are  the  main  points  in  w 
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NT  experience  differs  from  any  previoasly  noted  with  similar  strnctiires 
at  other  localities.  This  has  necessitated  much  more  substantial  work 
tko  was  at  first  deemed  necessary,  with  a  proportionate  increase  of 
CHt  it  should,  however,  be  noted  with  regard  to  tliese  works,  n|)on 
vkich  the  main  damage  experience<l  has  been  concentrated,  tbat  tliey 
ire  DOC  necessarily  permanent  in  their  nature,  and  are  only  intended  to 
Act  certain  definite  results,  viz,  the  silting  up  of  certain  portions  of 
the  river  bed.  When  this  object  has  be^n  accomplished  their  work  is, 
M  &  mle,  ended,  and  their  maintenance  will  no  longer  be  required. 
Meanwhile,  fit)m  their  position  and  the  style  of  their  construction,  more 
or  leM  damage  at  each  recurring  Hood  is  inevitable  and  must  lie  ex- 
pecfeil;  bnt  such  damage  should  be  made  good  as  soon  as  ]K)ssible, 
aod  the  general  continuity  of  the  dikes  preserved,  in  order  to  obtain 
proiDptl3'  the  desired  results. 

The  revetment  work  undertaken,  wherever  completed,  has  [)rove(l 
entirely  successful,  and  but  slight  modification  in  the  general  style  and 
in  details  of  construction  has  been  found  necessary.  As  the  otljcers  an«l 
nifn  gain  skill  and  confidence  in  this  work,  better  results,  both  as  re 
pinls  rapidity  ot  execution  and  economy  in  cost,  may  be  expected. 

Next  to  the  scarcity  of  labor,  the  greatest  difficulty  met  with  has  been 
tbe  insuring  of  an  ample  and  timely  supply  of  the  materials  used  in  con- 
struction, esi>ecially  brush  and  stone.  •  Alrea<ly  the  local  sup])Iy  of 
bra.sh  on  the  works  is  ulumt  exhausted,  and  it  has  to  be  sought  either 
op  or  down  the  river  at  points  60  or  70  miles  distant  fwm  the  works. 
The  bulk  of  the  stone  needed  has  to  be  brought  from  above  Cairo,  as 
tiie  few  local  sources  ot  supply  are  entirely  inadequate  to  the  diMnands 
of  the  work.  This  has  created  a  demand  for  transportation  which  has 
taxed  the  resources  of  theCommission  to  the  very  utmost,  and  a  considera- 
ble increase  in  the  number  of  barges  and  tow-boats  at  their  disposal  must 
be  made  as  soon  as  funds  for  the  ])urpose  are  available.  In  other  re- 
sp^Tts  the  plant  on  han<l  seems  a^lequate  for  the  work  and  generally 
fftirient ;  though  it  is  proper  to  state  here  that  tbe  plant  provided  for 
conjmrncing  work  on  the  New]\Iadrid  lieach,an(l  part  of  that  prwured 
for  the  Men) phis  Reach,  has  been  absorbed  by  the  works  at  Plum  Point 
aiid  Lake  Providence. 

With  regard  to  the  results  due  to  the  still  far  iVoni  completed  works 
it  would  seem  premature  to  speak;  neverth<»less  these  results  have  been 
^i  remarkable  that  they  cannot  be  overlooked.  Daring  the  months  of 
S^'ptfUiber  and  October  the  river  below  Cairo  was  extremely  low  and 
navi^iaiion  was  carried  on  with  great  dilllculty.  Between  Cairo  and 
ilii-  IMuni  Point  Keach  there  was  but  oh  feet  and  6  feet  of  water  at 
5**veral  iKiints;  between  that  reach  and  Memphis  and  as  far  down  as 
Commerce  Cut  off,  40  miles  below  Memphis,  0  feet  was  found.  From 
tbisi)oiiit  to  the  heiul  of  the  Lake  Providence  Keach  there  was  but  7 
tHJt  available,  an<l  l)etween  the  Lake  Providence  Ueach  and  Vicksbnrg 
I'Utl)  f(L-et.     Below  Vicksburg  there  were  not  less  than  lOA  feet. 

During  all  previous  low-water  seasons,  when  similar  dejJths  have 
l»een  rejKirted,  Plum  Point  and  Lake  Providence  Keaches  have  been 
lUlly  as  shoal  as  any  point.s  on  the  river,  and  as  a  rule  shoaler  than  any- 
tliing  in  their  immediate  vicinity;  yet  during  the  jire^sent  season  there 
Tas  not  less  than  lli  fftet  depth  through  these  two  reaches,  and  at  Lake 
Providence,  during  the  lowest  water,  over  15  feet  was  reported.  Thus 
these  two  long  stretches  of  habitually  difficult  navigation  showed  this 
vear  a  depth  twice  as  great  as  the  bars  above  and  below  them,  and  this 
«sult  can  only  be  attributed  to  the  works  executed  by  the  Commission. 
Tbat  such  truiy  remarkable  eflects  should  have  been  produced  by  the 


TbedeCaacaradBnMbalMH.«ad  ttednino*  of  xhe  rivvr  in 
vorkinz  dto4nei&.  have  reaaiaed  thnNjfhflBt  Ae  vnr  &«  drsrnbol 
la*t  anDaa]  report. 

Full  detwL*  as  to  iii|iiaililanii  vill  be  tamad  tn  tb«  fliuuidal 
BiMits  sppmded  to  tbta  ivpoct. 

VOBCS  BELOW  CAIBO.  | 

riKST  PISTUVT. 

(Cain  Id  ftg«  rf  UMd  S*.  W.  HP  ■ 


Iiitlj;-     ■■-  ■•  .:■      ■'.  I'i.  ;    .  ■  \    ■.■:■!■.,  -■.  i'oiiit  Ite 

TO  tLo  t'lHil  of  inlaui)  Ku.  14,  a  <ljst:iiu-e  of  lit)  mtW :  and  the  latte 
tlie  Li-ml  iif  l.-sliimi  :So.  Jii,  147  miles  below  Cairo.  lo  tlie  bead  of  i 
>'i>.  ;jo,  a  iliataui%  of  40  oiile:^ 


A  low-water  survey  of  tbis  reach  wus  onlered  in  Aiifriiet,  188 
was  carried  uiit  diiriog  tbe  fall  »nil  eiirly  winier.    The  mai>s  of  th 
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Tvy  have  been  oompleted,  bat  no  project  for  work  l^as  as  yet  been  pre- 
IMored.  With  the  expectation  of  beginning  work  on  this  reach  the  Com- 
pifision  aathorized  the  procoring  of  the  following  plant,  viz:  20  pUe- 
Irirerst,  40.  barges,  1  machine  shop,  6  qaarter-boats,  4  200-feet  mattress^ 
bfttSy  6  100-feet  mattress  boats,  6  screen  boats,  and  40  skifb.  Of  this 
bit,  the  pile-drivers,  barges,  and  machine  shop  have  been  built  and  as- 
^gned  to  other  works. 

On  December  19, 1882,  it  was  decided  to  suspend  such  portion  of  the 
dotment  as  was  not  needed  to  pay  for  plant  which  could  be  utilize<l 
cfaeviiere,  and  on  March  10, 1883,  $300,000  of  the  allotment  was  traus- 
ftoed  to  Plum  Point,  and  the  baltnce,  $187,500,  to  Lake-  Providence. 
This  action  of  the  Commission  was  rendered  necessary  by  the  failure 
of  tlie  river  and  harbor  bill,  as  it  was  deemed  far  more  important  to  push- 
tiie  works  already  begun  at  Plum  Point  and  Lake  Providence  as  far  * 
along  as  possible  than  to  attempt,  with  inadequate  means,  to  initiate 
the  improvement  of  another  reach.  Nevertheless,  in  the  interest  of  nav- 
lotion,  this  improvement  should  be  undertaken  at  as  early  a  date  as 
pcwticable,  as  the  bars  on  the  reach  were,  during  the  recent  low  water, 
tiie  sboalest  and  most  troublesome  on  the  river. 

'  PLUM  POINT  REACH. 

[    The  work  so  far  decided  on  for  this  reach  comprises  a  system  of  lon- 

edinal  and  cross  dikes  designed  to  close  the  chutes  behind  Elmot 
and  Island  No.  30,  a  similar  system  for  closing  the  chutes  behind 
Oweola  and  Bnllerton  Tow-heads,  and  a  third  system  designed  to 
eontract  the  water-way  between  Bnllerton  Tow-head  and  Yankee  Bar^ 
together  with  bank  revetment  on  the  left  bank  from  Ashport  to  Gold 
Dost,  on  the  right  bank  from  Fletcher's  to  Elmot's,  and  from  Pctty's 
to  Craighead  Point,  and  along  the  outside  of  Osceola  and  Bullertou 
Tow-heads.  Of  this  work  at  the  date  of  the  last  report  there  had  been 
tonstructe<l  .2,700  feet  of  revetment  near  Ashport,  and  the  head  of  Bul- 
lerton  Tow-head  had  also  been  protected.  The  longitudinal  dike  of  the 
Elmot  or  Gold  Dust  system  had  been  built  in  part,  as  also  a  dike 
across  the  middle  chute  through  Osceola  Bar.  The  dike  across  the 
head  of  Osceola  Chute  was  completed,  and  the  one  connecting  Osceola 
aod  Bnllerton  Tow-heads  was  partly  built.  Subsequently  live  cross- 
ilites  were  commenced  in  Elmot  Chute,  and  i)artly  completed.  Mat- 
tresses were  constructed  along  the  outside  of  lUillerton  and  Osceola  Tow- 
heads,  and  wide  foot-mats  along  the  outside  of  the  various  dikes.  Nearly 
all  this  mettresswork  was  afloat  when  the  river  began  risin^r  in  Febniary, 
I8S3,  owing  to  the  failure  in  the  stone  supply  before  alluded  to.  At- 
tempts were  made  to  sink  the  mattresses  with  bags  of  sand,  but  with- 
out success.  The  riw?r  rose  very  rapidly,  and  brought  down  immense 
quantities  of  drift,  wnich  accumulated  under  and  against  the  floating 
mattresses,  and  finally  tore  them  from  their  fastenings.  In  this  nianner 
a  large  amount  of  the  mettress  work  which  had  been  constructed  was 
lost^  and  all  attempts  to  renew  it  during  the  high  waterproved  ineffectual. 
Id  similar  manner  the  drift  accumulated  against  the  pile  dikes.  The 
foot-mats  were  either  carried  away  or  doubled  up  and  destroyed,  and 
the  pressure  of  the  masses  of  drift,  aided  no  doubt  by  scour  around  the 
piles,  overturned  a  large  portion  of  the  dikes  which  had  been  constructedc 
These  breaks  in  the  dikes  relieved  considerably  the  pressure  against  the 
remaining  portions,  and  the  greatest  damage  was  confined  to  the  first 
few  weeks  of  the  flood.  Subsequently  these  dikes  were  in  great  part 
reconstructed  in  a  much  more  substantial  manner.    Four  cross-dikes 
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were  ordered  iu  Osceola  Chute,  of  which  three  have  been  constn; 
and  two  in  Bullerton  Chute,  the  first  of  which  only  has  been  ir 
constructed,  as  the  chute  has  been  the  channel  during  the  low- 
season.  It  is  hoped  that  all  these  cross-dikes  can  be  finished  befoi 
close  of  active  operations. 

The  third  system  of  dikes  below  Plum  Point  has  been  begai 
cross-dikes  Nos.  1  and  2,  with  part  of  the  main  dike,  have  been  b 

In  all,  there  is  now  standing  on  this  reach  37,815  feet  of  pile  di 

The  revetment  of  the  outside  of  Bullerton  Tow-head  has  been 
pleted  during  the  present  season,  as  also  that  of  the  head  of  ] 
Osceola  Tow-head.  The  revetment  of  the  outside  of  this  tow-head 
not  be  renewed  for  want  of  funds.  The  revetment  of  Ashport  hi 
been  extended  for  the  same  reason.  It  has  remained  intact  durii 
year.  In  spite  of  the  damage  which  they  sustained,  the  dikes  did 
service,  and  a  general  and  extensive  fill  was  noticed  behind  them, 
they  been  held  intact  their  effect  would  undoubtedly  have  been 
greater. 

The  crossing  from  Plum  Point  to  Bullerton  was  moved  down  8 
a  considerable  distance,  but  the  failure  of  the  Bullerton  Dikes  ei 
the  river  at  low  water  to  cut  through  into  that  chute  and  main 
channel  there.  It  is,  however,  hoped  and  expected  that  the  nex 
water  will  break  down  the  bar  outside  and  establish  a  channel 
left  of  the  tow  head,  where  it  is  desired  to  locate  it. 

The  effect  of  the  partial  concentration  of  the  water  on  those  pc 
of  the  reach  under  improvement  was  very  marked  dnring  the  lat 
water  season.  The  depth  of  water  was  not  less  than  12  feet,  i 
the  amount  found  on  the  unimproved  portions  of  the  river  aboi 
below. 

For  details  of  work  in  this  district  see  report  of  Capt.  J.  G.  D.  K 
Corps  of  Engineers,  Appendix  J. 

SECOND  DISTRICT. 

(Foot  of  Island  No.  40  to  month  of  White  River,  180  miles  in  length.    O 

charge,  Maj.  A.  M.  Miller,  Corps  of  Engineers,  U.  S.  A.) 

*  HBADgUARTBBS,   MEMPHIS,  TSNK. 

In  this  district  are  included  the  Memphis  and  Helena  Beacb 
first  extending  from  the  foot  of  Island  Ko.  40,  220  miles  from  C« 
Scanlan's  Landing,  a  distance  of  27  miles,  and  the  second  extendin 
Commerce  Cut-off',  270  miles  from  Cairo,  to  Friar's  Point,  a  dists 
55  miles. 

The  first  reacbi  includes  Memphis  Harbor. 

MEMPHIS  HARBOR. 

This  work,  which  has  been  in  progress  several  years  under  the 
neer  Department,  United  States  Army,  was  carried  on  last  year 
the  supervision  of  the  Commission  and  by  special  allotment  frc 
general  appropriation. 

The  protection  of  the  caving  bank  by  mattress  revetment  fh 
freight  elevator  to  Wolf  River  was  completed  in  February,  188 
all,  since  our  last  report,  5  mattresses  covering  300  linear  feet  ol 
have  been  constructed  and  sunk,  and  the  upper  bank  has  been  { 
and  covered  with  stone  throughout  the  whole  distance,  with  the 
tion  of  two  gaps,  aggregating  450  feet.    This  revetment  passed  tl 
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He  great  flood  of  188S  wiihoat  any  damage  and  is  reported  in  perfect 
Mer. 


A  low-water  snrvev  of  tliis  reach  has  been  completed,  bat  no  project 
br  ita  imfnovement  has  as  yet  been  prepared. 

It  had  been  the  intention  of  the  Commission  to  begin  work  on  this 
each,  and  a  considerable  amount  of  plant  was  ordered  for  the  purpose } 

eowing^  to  tlie  ftilnre  of  the  appropriation,  work  was  confined  during 
jear  Co  the  construction  of  a  mattress  revetment  in  Hopefield  Bend, 
wkm  the  right  bank  was  rapidly  caving  and  threatening  the  harbor  of 
BiMpliin  This  woxk  was  begun  in  December,  1882,  and  carried  on  till 
Mmaijy  1883,  when  it  was  stopped  by  the  rapidly  rising  river,  1,127 
iset  of  mattress  revetment  having  been  to  that  time  constructed  and 
Work  could  not  be  resumed  till  August,  1883,  and  is  still  in  pro- 
Todate  14,485  feet  of  bank  have  been  protected,  the  under-water 
battress  being  140  feet  wide.  That  portion  which  was  first  put  in  has 
stood  perfcMBtly  well,  although  the  water  was  five  feet  deep  on  top  of  the 
Mnk  during  the  flood  of  1^.  It  will  be  necessary  to  cany  this  revet- 
Bent  down  to  Hopefield  Point,  and  also  to  revet  about  ^  mile  of  the  left 
iMUsk  below  the  mouth  of  Frame  Chute. 

HXLEKA  REACH. 

A  low-water  survey  of  this  reach  has  been  made,  but  no  project  for 
its  imjuovement  has  as  yet  been  prepared. 

For  details  of  work  in  this  district  see  report  of  M^j.  A.  M.  Miller, 
United  States  Engineers,  Appendix  K. 

THIRD  DISTRICT. 

(Moath  of  White  River  to  Warrenton,  Miss.,  220  miles  in  length.    Officer  iu  charge, 

Capt.  W.  L.  Marshall,  Corps  of  En^^eers,  U.  S.  A.) 

Hbadquabtebs,  Vicksburo,  MIB8. 

In  this  district  are  included  the  Choctaw  Beach,  extendiug  from 
Cork's  Point,  Arkansas,  422  miles  below  Cairo,  to  Arkansas  City,  a  dis- 
tance of  31  miles;  the  Lake  Providence  Beach,  extending  from  Carolina 
Landing,  ^lississippi,  530  miles  below  Cairo,  to  the  foot  of  Island  No.  95, 
a  distance  of  35  miles;  and  also  the  improvement  of  Yieksburg  Harbor. 

CnOCTAW  RBACII. 

A  low- water  survey  of  this  reach  has  been  made,  but  no  project  for 
its  improvement  has  as  yet  been  prepared. 

LAKE  PROVIDENCE  REACH. 

At  date  of  last  rei)ort  work  on  this  reach  was  going  on  actively,  and 
considerable  progress  had  been  made  on  the  pile  dikes  closing  the  chutes 
behind  Skipwith's  and  Duncansby  Tow-heads,  Island  No.  93,  Bale- 
shed  Bar,  and  Stack  Island ;  and  revetment  was  in  progress  along  the 
fiice  of  Island  No.  93.  During  the  past  season  this  work  has  been  eon- 
tinned,  the  revetment  of  Louisiana  Bend  has  been  begun,  as  also  the 
dikes  closing  Hopewell  or  Elton  Chute. 

In  Louisiana  Bend  the  work  of  revetting  the  bank  has  been  com- 
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menccd  and  to  date  about  half  a  mile  has  been  completed.  Tb 
work  offeriug  peculiar  difficulties,  the  water  beiug  over  100  feet  d< 
low  water,  while  at  high  stages  work  is  impossible,  owing  to  the 
depth  of  water  and  the  extremely  mpid  currents  This  very  imp< 
work  was  much  delayed  by  the  difficulty  in  procuring  labor  and 
spon  be  stopped  for  lack  of  funds.  The  work  completed  will  be 
very  precarious  condition  during  the  next  high  water,  as  the  o 
during  the  last  two  years  has  aggregated  1,500  feet  in  width.  The 
ing  of  this  shore  line  is  absolutely  essential  on  account  of  its  infi 
on  tlie  direction  of  the  river  below.  The  caving  which  took  plao 
year  caused  considerable  damage  to  the  Duncansby  system  of  dill 
will  be  described  farther  on. 

The  Duncansby  system  of  dikes  is  intended  to  exclude  the  rivei 
the  left-hand  chute  in  front  of  Duncansby  and  Skipwith's  Lant 
The  first  series  built  com))rised  five  cross-dikes,  and  a  longit^c 
dike  extending  to  the  lower  tow-head  in  front  of  Skipwith's  Lai 
The  longitudinal  was  a  high  dike ;  the  cross-dikes  were  only  carr 
the  17-foot  stage.  The  channel,  when  the  work  began,  led  into 
witli's  Chute,  passing  between  the  two  tow-heads.  This  channe 
been  completely  siltiHl  up,  and  the  greater  portion  of  the  enftre 
is  dry  at  low  water,  but  the  caving  in  Louisiana  Bend,  above  ] 
er's  Point,  during  the  last  high  water,  threw  the  channel  acros 
river,  striking  high  up  on  the  Mississippi  shore,  and  the  works  a 
head  of  the  chute  were  severely  attacked,  and  suffered  considc 
damage.  As  it  was  deemed  desirable  to  hold  this  line  as  long  aj 
sible,  in  order  to  allow  time  for  the  chute  to  till  up  and  for  the  new 
nel  to  develop  itself  to  the  right  of  the  tow-heads,  three  additional  i 
dikes  wore  built  in  the  chute,  and  a  screeneil  dike  above  the  head  < 
upper  tow-hoad.  Later  on  the  head  of  the  tow-head  was  revettec 
the  water  went  entirely  over  it  and  cut  a  channel  through  behin< 
revetment.  A  heavy  dike  was  also  Ix^gun  on  range  Xo.  30,  and  a 
upper  dikes  of  the  system  are  being  strengthened,  so  as,  if  possit 
keep  the  river  out  of  the  left-hand  chute  during  the  coming  high  v 

The  Me>ersville,  or  Island  No.  03  system,  includes  a  main  dike 
thiee  cross-dikes  on  Cottonwood  Bar,  which  are  not  yet  built,  a 
arross  the  head  of  Island  No.  03,  built  last  year  to  the  17-foot  stage 
a  high  crossdike,  to  30-tbot  stage,  built  across  the  chute  at  Meyer 
Landing.  These  dikes  have  proved  (luite  effective  and  the  chute 
goes  dry  at  low  water. 

Pievious  to  the  rise  in  Februrtry,  1883,  1.}  miles  of  low-water  i 
mcnt  had  been  constructed  on  the  outside  of  Island  No.  03,  and  th 
])er  bank  protection  had  been  completed  for  1,700  feet  at  the  upper 
of  this,  the  last  1*1*.")  feet  had  not  been  properly  ballasted  for  hu 
stone  and  was  carried  away.  All  the  revetment  below  this  point 
also  lost  for  lack  of  protection  of  the  upper  bank.  This  woik  had  t 
fore  to  be  renewed  this  season  and  is  now  in  progress. 

At  the  foot  of  Island  No.  03  begins  the  Baleshed  system  of  dike 
comprises  a  longitudinal  dike  extending  from  the  ]\iississippi  sho 
Homochitto  Landing  to  the  head  of  Stack  Island.  Behind  this  1 
tudinal  are  twelve  cross-dikes.  Part  of  thehmgitudinaland  four  o 
cross-dikes  were  built  last  year,  but  only  to  the  17- foot  stage.  Subseq 
to  February,  1S83,  and  during  the  higii  water,  work  was  carried  on 
the  cross-dikes  were  raised  and  stivngthened,  and  eight  others 
built.  All  the  new  dikes  extend  to  above  the  -5-foot  stage,  the; 
built  with  from  3  to  5  rows  of  piles  and  aiv  wattled  to  a  height  of  (i 
above  the  i)n»sent  bar  suiface.    Six  of  the  cross-dikes  are  complete 
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the  sLore  to  the  longitadinal,  tbe  six  others  have  not  yet  been  carried 
across  the  deep  water.    All  the  cross-dikes  have  foot  mats,  and  the 
loD^ritadinal  has  outside  of  it  a  l(K)-foot  mat  and  a  grilhige  uiataud  wat- 
iling  wherever  cross  channels  have  been  developed.    The  eflect  of  thevse 
dikes  has  been  very  marked,  a  great  fill  having  been  secnred  behind 
them,  with  a  corresponding  deepening  in  the  channel  outside.    In  this 
system  28,000  feet  of  dike  have  been  built  during  the  year. 
*  Much  trouble  was  experienced  at  Stack  Island  where  the  river  had 
established  itself  in  the  left-hand  chute.    This  chute  was  over  SO  feet 
dtep  at  low  water,  and  the  Elton  or  Hopewell  Chute  on  the  other  side 
of  the  river  was  over  30  feet  deep.    The  new  channel,  as  projected, 
cn:«f':?ed  directly  over  Hopewell  Bar.      An  open  pile  dike  was  built 
iilntre  the  head  of  Stack  Island  to  chock  the  flow  into  that  chute,  and  six 
slii>rt  spurs  from  the  right  braik  were  thrown  across  the  Elton  or  Hope- 
well Chute.     W  hen  thei>e  works  were  completed  the  river  broke  through 
oa  the  line  tlesin^d,  removing  inuiiense  masses  of  sand  and  establisli- 
iiij,'  irself  in  the  position  desired.     Tiiese  wm'ks  must,  however,  doubt- 
less l»e  extended  in  onler  to  keep  it  there. 

The  genend  result  of  tlie  works  has  been  a  very  marked  increase  of 
depth  at  low  water.  During  the  past  season  there  was  not  less  than 
12  feet,  and  at  the  lowest  water  where  the  channel  hud  cut  out  there 
was  over  15  feet. 

The  systems  of  construction  described  last  year  have  not  been  ma- 
terially altered  except  in  the  direction  of  giving  greater  strength  to 
the  dikes,  which,  as  now  made,  are  much  stronger,  having  from  3  to  5 
rows  of  piles,  and  being  all  provided  with  foot  mats.  In  3-row  dikes 
the  middle  row  ia  wattled,  in  5-row  dykes  the  wattling  is  on  the  2d  and 
4th  rov/s.  Wattling  has  i*eplaced  the  curtains  or  inclined  mats  used 
last  jear,  1)oiug  found  cheaper  and  more  efficient. 

I»  revetment  work  the  hui-dle  mattresses  described  in  our  last  report 
are  still  nsed,  the*  only  moditication  being  the  introduction  alongside 
the  iKiles  of  jointed  iron  rods  of  f  or  ^  inch  iron  for  the  purpose  of  in- 
tTea.siag  the  longitudinal  strength. 

VICK8BURQ  HARBOR. 

Prior  to  August,  1882,  work  at  this  locality  had  beeu  foi*  several  years 
ill  iimjjress  under  the  Engineer  Department,  United  States  Army.  Since 
*bat  time  it  has  been  carried  on  under  the  supervision  of  the  Couiniission, 
iTid  lias  received  an  allotment  from  the  general  ai)pro])riation.  Previous 
to  this  pjLst  season,  work  had  been  confined  to  the  revetment  of  Delta 
Point,  opposite  Vicksburg,  and  the  continuation  of  this  work  was  in 
pro<i;ress  at  the  date  of  our  last  report.  At  that  time  1,100  leet  of  the 
iM'W  work  had  been  completed.  Subsequently  the  work  was  contiiuied 
villi  but  slight  modifications  till  February  10,  when  the  allotment  was 
••xhaasted.  In  all,  4,000  linear  feet  of  substantial  revetment  was  con- 
•^inictKl,  leaving  about  500  feet  to  be  built  this  winter.  The  cost  of 
tliis  revetment,  which  it  is  believed  will  be  rarely,  if  ever,  exceeded,  was 
ilo^il  ]>ev  lini^ar  foot.  It  passed  through  the  last  flood  without  any  dnm- 
a;:e,  and  seems  to  be  in  every  respect  satisfactory.  The  ])lan  of  imi>rove- 
Cient  proposetl  for  the  harbor  proper  of  Vicksburg  con tem])lated  the  ex- 
cavation of  a  basin  in  front  of  the  town,  connected  by  a  canal  with  the 
d*^f>  water  in  the  river.  P'or  this  season  it  was  ])roi)()sed  to  excavate  a 
hasiu  300  feet  wide  and  1,700  feet  long  in  front  of  tbe  elevator,  and  to  con- 
i»m  it  with  deep  water  in  the  lake  by  a  canal  150  feet  wide,  the  west  en- 
trance to  the  lake  being  also  kept  open.  All  dredging  was  to  be  to  the 
5008  EN 15L' 
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zero  of  the  Yicksbarg  gaage.  The  contraot  for  this  dredging  was  h 
12.1  cents  per  cubic  yard  and.  after  many  delays,  work  was  finally  be 
on  April  5,  and  continued  till  September  18,  when  the  Commission  decj 
to  stop  it.  During  this  timo,  350,035  cubic  yards  of  mud  were  remo 
The  basin  for  a  width  of  100  feet  was  dredged  to  the  zero  of  the  gai 
and  for  a  further  width  of  160  feet  to  the  reference  +  5  feet  The  o 
was  excavated  for  a  width  of  80  feet  to  the  zero  plane,  and  an  atfee 
was  made  to  dredge  the  west  entrance  to  the  lake,  which,  since  the' 
jcct  had'  been  approved,  had  filled  up  to  the  extent  of  17  feet.  The 
teiial  was  hard  sand  and  the  dredging  was  so  difficult  that  it  w« 
dered  to  be  abandoned  on  August  22.  As  the  river  fell,  the  sidi 
ihe  dredged  basin  slid  in  and  the  bottom  was  pushed  up  by  the  we 
of  the  soft  mud  lying  beyond  the  dredged  area.  This  upheaval  amoai 
to  about  8  feet  in  depth,  and  the  basin  was  re-excavated  for  a  widt 
80  feet  to  the  zero  plane.  Meanwhile,  the  continued  fall  of  the  i 
surfkce  gave  a  considerable  head  to  the  water  impounded  in  the  1 
and  it  finally  cut  through  the  sand-bar  at  the  west  entrance,  so 
now  boats  drawing  5  feet  are  able  to  enter  at  a  12foot  stage,  whe 
before,  at  the  20-foot  stage,  all  boats  were  excluded. 

This  effect,  while  very  fortunate  for  the  town,  is  in  nowise  i)Oi 
nent,  as  this  cut  will  certainly  fill  up  at  the  next  high  water,  an<l  : 
not  cut  out  again  so  readily.  A  survey  was  made  at  low  water,  wl 
showed  that  since  May,  or  while  the  river  was  declining,  a  fill  had  t8 
place  over  the  areacovered  bythe  proposed  canal  and  basin  amoun 
to  from  5  to  20  feet  in  depth.  Prior  to  May  the  fill  had  only  been  a1 
one  foot  On  the  line  of  the  proposed  canal  alone  the  remova 
1,255,486  cubic  yards  more  than  originally  estimated  has  already 
come  necessary.  It  is  needless  to  say  that  the  Commission,  in  appro^ 
this  plan,  had  not  anticipated  such  a  statcof  affairs  as  this.  Kepei 
surveys,  extending  over  the  whole  period  since  the  formation  of  the 
off,  had  shown  that  the  fill,  gradually  diminishing  in  its  yearly  in 
ment,  had  finally  practically  ceased  ns  far  as  the  inner  harbor  was  < 
cemed,  and  only  on  this  condition  could  the  plan  have  been  rec 
mended.  When  confronted  by  such  an  enormous  fill,  taking  place,  m 
over,  on  the  falling  stage  of  the  river,  and  requiring  in  consequenc< 
be  removed  during  the  low- water  stage,  it  became  obviously  necessai 
call  a  halt  until  the  matter  could  be  further  investigated.  Such  an 
nual  fill  as  this  will  require  $200,000  for  its  removal,  and  as  it  mufs 
done  during  the  low- water  period,  it  would  require  a  large  fleet  of  drei 
to  accomplish  it.  iSome  changes  have  recently  taken  place  at  You] 
Point,  and  above  Delta,  which  have  tended  to  throw  the  river  neare 
Vicksburg.  The  eddy  current  up  the  east  arm  of  the  lake  was 
served  to  be  greatly  increased  after  June  1,  and  undoubtedly  caused 
great  deposit.  It  is  quite  possible  that  this  increased  flow  was  du* 
tiie  changes  alluded  to.  If  this,  however,  be  the  case,  these  chan 
may  progress  still  further,  and  the  annual  fill  may  become  even  great 
in  any  case  it  would  be  extremely  unwise  to  attemi>t  any  further  pr< 
cution  of  the  plan  for  the  present.  The  diversion  of  the  Yazoo  into 
lake  has  been  proposed  with  a  view  to  keei)ing  it  open ;  but  this  is  c 
mated  to  cost  $1,600,000,  and  the  excavation  of  the  canal  $766,000.  '. 
removal  of  the  annual  deposit  will  cost  $200,000,  or  say  $2,600,000 
the  whole  project,  with  no  certainty  as  to  the  results.  The  annual  a 
merce  of  Vicksburg  is  lOJ  millions  of  dollars. 

The  following  projects  have  been  proposed : 

1st.  To  abandon  the  lake  and  establish  the  town  landing  at  Klei 
ton,  holding  Delta  Point  securely  by  extending  the  revetment.  T 
latter  must  be  done  in  any  case. 
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2d.  To  dredge  the  west  entrance  annually,  and  to  keep  the  basin  clear. 

HiLs  would  be  temporary,  and  won]d  cost  at  least  $30,000  per  annum 

after  the  first  year. 
3d.  To  diTert  the  Yazoo  into  the  west  arm  of  the  lake,  dredging  out 

the  basin  and  connecting  canal.    This  would  cost  $1,850,000,  with  an- 

noal  dredging  to  an  uncertain  amount. 
4ih.  To  divert  the  Yazoo  into  the  east  arm  of  the  lake  aud  along  the 

city  front,  dredging  out  the  basin  and  canal  to  the  river.    This  would. 

cost  t2,6(M)9000  and  would  require  annual  dredging  in  the  canal. 

The  first  project  involves  the  abandonment  of  the  old  harbor  of  Vicks'- 
biu^,  and  is,  naturally,  extremely  distasteful  to  the  citizens  of  that 
place  ]  the  last  two  projects  are  expensive  and  by  no  means  certain ;: 
widle  the  second  can  at  best  be  but  temporary  in  its  effects. 

In  the  opinion  of  the  Commission,  further  study  of  the  whole  subject. 
18  required  before  any  final  recommendation  can  be  made ;  neverthe- 
less,  with  a  view  to  affording  relief  to  the  harbor  during  such  time  as^ 
wOl  necessarily  be  required  for  this  study,  the  Commission  recommend! 
that  during  the  coming  season  an  attempt  be  made  to  carry  out  tfre 
second  project  above  described,  should  the  conditions  be  found  to  be 
lavorable. 

For  details  of  work  in  third  district  see  report  of  Capt.  W.  L.  Mar* 
shall,  Uuited  States  Engineers,  Appendix  L. 

FOURTH  DISTRICT, 

(WuTentoD,Kia8.,to  Heacl  of  Passes,  484  miles  in  length.    Officer  in  charge,  Maj- 

Amos  Stickney,  Corps  of  Engineers,  U.  S.  A.) 

HSADQUABTXBS  KBW  OBLKAITB,  La. 

This  district  embraces  th^  improvement  of  Natchez  Harbor,  the  recti- 
fication of  Red  and  Atchafalaya  rivers,  a  lock  at  Bayou  Plaquemine,. 
and  the  improvement  of  New  Orleans  Harbor. 

XATCHEZ   HARBOK. 

A  survey  with  a  view  to  improvement  was  ordered  at  this  place,  but 
owing  to  the  sickly  season  it  has  been  found  impossible  as  yet  to  maker 
it  The  caving  of  the  bank  in  Giles'  Bend  has  not  been  very  great,  but 
that  iu  Marengo  Bend  has  bf  en  more  severe.  The  work  required  is. 
bank  revetment,  and  can  be  estimated  on  this  winter. 

RED  AND  ATCHAFALAYA  RIVERS. 

Dariug  the  past  low  water,  it  again  became  necessary  to  send  dredge- 
boats  to  Old  Eiver  to  attempt  to  keep  open  navigation  iuto  tlie  Ked 
River.  Although  they  reached  the  scene  of  operations  while  th(*re  was- 
still  a  through  channel  depth  of  not  less  than  5  feet,  the  effort  failed 
ntterly,  and,  for  a  period  of  three  or  four  weeks,  navigation  was  entirely 
8U8peDded.  In  fact,  for  a  part  of  this  time,  the  water-way  entirely  (lis- 
appeare<l. 

The  experience  of  this  year  leaves  no  doubt  of  the  ab'solute  uncer- 
tainty of  any  such  method  of  ])re8erving  navigation,  during  low  water,, 
into  Ked  River.  While  in  many  years  it  may  succeed,  it  is  utterly  inef- 
ficient in  the  face  of  the  unfavorable  conditions  that  maj^  recur  any  sea- 
son. The  dredging  fleet  cannot  operate  until  the  water  has  fallen  to  a 
certain  stage.  After  this  stage  is  reached,  it  is  entirely  probable  that 
the  fall  may  continue  so  rapidly  as  to  develop  the  bars  much  faster  than 
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the  dredges  can  reiBOve  them.  The  difficulty  of  maintoining  a  chant 
upwards  of  four  miles  long,  of  navigable  depth  and  width,  in  a  se< 
nientary  river,  falling  several  inches  a  day,  with  a  current  unable 
«cour  from  its  own  debility,  and  the  nnctuous  and  adhesive  quality 
the  bed  material,  would  seem  to  be  sufficient.  But  it  is  much  increas 
in  unfavorable  years  by  the  falling  of  the  water  more  rapidly  than  t 
banks  can  dry  out  and  solidify,  or  than  the  overflow  ponds  a  short  d 
tance  back  can  drain.  On  such  occasions  the  semi-fluid  banks  slouj 
down  in  immense  masses,  at  times  entirely  choking  the  water-way. 

These  difficulties  may  recur  any  year,  and  render  uncertain  any  i 
tempt  to  keep  open  Eed  River  navigation  by  such  methods,  during  k 
water. 

Still,  as  TO  better  temporary  method  is  known,  and  as  this  meth< 
has  succeeded  in  a  majority  of  the  years  in  which  it  has  been  tried,  ai 
as  the  commercial  benefits  of  maintaining  water  communicjition  witl 
large  producing  Region  during  the  months  when  it  is  most  needed  f 
shipments  are  very  gn*at,  exceeding  the  cost  of  dredging  operations, 
is  recommended  that,  until  permanent  iniprovementof  this  navigation  I 
accomplished,  sufficient  appropriation  (as  provided  for  in  the  accoi 
panying  estimates)  be  made  to  renew  the  work  of  dredging  at  this  poi 
when  it  may  again  become  necessary. 

Surveys  and  examinations  at  this  locality  have  been  j)rosecnted  und 
almost  equal  difficulties.  Immediately  on  the  subsidence  of  the  la 
flood  parties  were  put  into  the  field  to  secure  information  necessary  f 
the  preparation  of  a  plan  for  the  i)ermanent  improvement  of  the  juu 
tion  of  these  three  rivers;  but,  owing  to  the  natural  difficulties  of  tl 
ground  and  the  unhealthtulness  of  this  region,  their  labors  are  still  i 
complete. 

Fuller  details  and  discussions  of  these  topics  will  be  found  in  the  i 
port  of  Maj.  A.  Stickney,  United  States  Engineers,  district  officer,  su 
nutted  as  Appendix  Al. 

The  following  brief  description  of  the  existing  regimen,  and  of  tl 
conditions  which  must  be  liarnionized  in  any  permanent  plan  of  improv 
nient,  as  observed  during  the  ]>a8t  two  floods,  is  submitted.  The  se 
tional  area  of  Lower  Old  Kiver  has  contracted  considerably,  while  tl 
enlargement  ot  the  Atchatalaya  has  continued.  These  changes  a: 
clearly  the  effect  of  the  floods. 

The  till  in  Old  Iliver  is  the  result  of  the  absenceof  current  during  tl 
oquilibrinni  held  between  that  i)ortion  of  the  flood  coming  down  tl 
JVlississippi  and  the  overflow  through  the  Tensas  BiivSin,  re-enforced  I 
lied  Kiver.  The  scour  in  the  Atcliafalaya,  considered  in  connectic 
with  the  fill  in  Old  Kiver,  proves  that  the  volume  causing  it  is  n< 
drawn  directly  from  the  Mississippi,  but  rather  from  the  overflow  in  tl 
Tensas  Basin.  The  sha])e  of  the  sand  reefs  left  by  the  flood  carrei 
substantiates  this.  A  dam  across  Lower  Old  Kiver,  therefore,  would  n< 
change  the  existing  tendencies  of  the  floods.  The  equilibrium  oftli 
accumulated  mass  of  flood  water  in  this  region  is  first  disturbed  by 
decline  in  the  Mississippi,  which  .i  .rts  the  current  in  that  directioi 
But  so  immense  is  this  volume  of  overflow  that  the  fall  is  checked  b^- 
when  near  a  bank  full  stage.  In  1882  it  lingered  fifty-one  days  betwee 
the  42  and  41  foot  marks  on  the  gauge  at  Ked  Kiver  Landing.  Whe 
once  within  the  banks,  the  decline  is  more  rapid.  The  fall  of  the  Atclu 
falaya  is  still  slower  than  that  of  the  Mississip])i,  as  in  addition  to  it 
share  of  the  Tensas  it  has  to  collect  and  carry  ott'  its  own  overflow 
which  spreads  from  the  Mississipi)i  to  the  T^che. 

The  flow  through  Old  River  towards  the  Atchafalaya  usually  sets  i 
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after  mid-stage  on  the  decline  is  reached,  and  becomes  more  £i:s:ed  as  tbe 
water  continues  to  ML  These  observatioDS  are  general,  and  a  local  rise 
in  eitiier  the  Mississippi  or  Red  River  may  disturb  or  reverse  the  move- 
ment, A  flow  through  the  Old  River  to  the  Mississippi  is,  under  pres- 
ent conditious,  advantageous  to  the  navigation  of  the  former  stream,  as 
it  has  greater  velocity  and  less  sediment  than  a  current  in  the  opjxosite 
(iirectioD. 

The  exclusion  of  the  overflow  from  the  Teosas  Basin,  by  the  comple- 
tion of  its  levee  system  to  Blackhawk,  would  prevent  the  eqnilibriuni 
U'tween  tbe  Mississii^pi  and  overflow  waters  in  and  about  Old  River 
and  the  head  of  the  Atchafalaya,  which  is  noticed  in  floods,  and  would 
tend  to  increase,  both  in  duration  and  amount,  the  flow  from  the  Mis- 
»8sippi  down  the  Atchafalaya  by  way  of  Ijower  Old  River.   This  change 
would  probably  not  only  prevent  the  further  filling  of  Lower  Old  River» 
bnt  would  enlarge  it,  and  ultimately  accelerate  the  enlargement  of  the 
Atchafalaya.    The  prevention  of  the  escape  of  flood  waters,  complete 
or  partial,  down  the  Atchafalaya  would  have,  as  an  immediate  effect, 
tbe  greater  or  less  increase  of  flood  height  in  Old  River,  and  steeper 
slope  from  its  mouth  down  the  Mississippi.    This  would  precede  tho 
altimate  adjustments  of  the  bed  to  the  increased  volume.    This  subject 
is  furtber  discussed  under  the  head  of  levees  and  outlets. 

Tbe  Commission  is  as  mindful  of  the  importance  of  this  part  of  their 
work  as  of  its  diflBculties.  Upon  the  completion  of  surveys  and  exaini- 
nations  now  in  progress,  full  report  and  recommendations  will  be  made. 

LOCK  AT  BAYOU   PLAQUEMINE. 

The  surveys  for  this  work  are  not  yet  completed,  having  been  delayed 
l>y  the  uuhealthiness  of  the  past  season. 

NKW   ORLEANS   HARBOU. 

Tl.e  project  for  laying  10,000  feet  of  mattress  revetment  400  feet  wide 
!:•  'anollton  Bend  was  approved  Septeinher  18, 1882.  Work  was  begun 
Orto]>er9,  IKSS,  but  has  made  little  progress  to  date,  owing  to  trouble 
if  swnrinii  n  supply  of  brush. 

lu  the  rliird  distiict  the  ])lau  of  scouring  out  the  mud  from  under  the 
v»iiarv«'s  by  the  use  of  a  tug  has  been  tried  with  sucee.^s. 

<^utbe  right  bank  from  Westwego  to  Algiers  there  has  been  serious 
'saving,  involving  much  loss  to  ])roperty  of  considerable  present  and 
liiuch  greater  jiiospeelive  value.  Fully  40,000  feet  of  bank  will  require 
T'fotectiou. 

An  interesting  series  of  discharge  observations  were  obtained  at  Car- 
rolltou  between  January  27  and  September  7, 1883.  The  discharge  was 
measured  148  tim'es,  and  the  observations  extended  from  a  2-foot  to  a 
^^^Jol){  stage. 

lor  details  of  work  in  this  district  see  report  of  Maj.  Amos  Stickney, 
Suited  States  Engineers,  Appendix  M. 

PLANT  AND  GENERAL  SERVICE. 

There  was  in  use  on  the  work  during  the  past  season  the  following 
plant,  in  part  owned  by  the  Government  and  in  part  chartered : 

Oicned  by  tlhe  0  ivernment. — One  hundred  and  eighty-nine  barges^ 
^liirtynine  quarter-boats,  four  screen-boats,  three  machine-shop  boats^ 
five  steam  tow-boats,  one  jnimping  boat,  twenty  five  mattress  boats,  four 
bydraulic  graders,  one  steam  tug,  and  sixty-two  pile-drivers. 
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'Chartered. — Six  steamers  aud  six  barges. 

'The  general  service  of  sapplyand  towage,  as  well  as  the  eonstracti 
^f  plant,  was  throughout  the  year  in  charge  of  Capt.  C.  B.  Sears,  CJoi 
of  Engineers,  United  States  Army,  the  executive  ofiicer  of  the  Comm 
aion  in  the  department  of  construction,  to  whose  rex>ort  reference  c 
be  made  for  details.    (See  Appendix  H.) 

Estimates. 

At  a  meeting  held  June  26, 1883,  an  estimate  was  made  for  the  a 
Ijnuauce  of  work  then  in  progress,  and  this  estimate  was  duly  forward 
to  Congress  through  the  honorable  the  Secretary  of  War.  At  that  til 
the  Commission  did  not  deem  it  b^t  to  make  any  recommendation 
estimate  in  reference  to  new  works  of  improvement,  the  works  then 
progress  being  in  a  comparatively  incomplete  state,  and  their  results 
yet  undevelo^d.  Since  that  time  the  progress  of  the  works  and  t 
favorable  results  produced  by  them  have  l^en  such  as  to  warrant  t 
belief  that  work  can  be  undertaken  in  one  or  more  additional  places, 
rit  shall  be  the  will  of  Congress  to  carry  it  on  simultaneously  in  mc 
3)laces  than  those  at  which  it  is  now  in  progress. 

In  this  case  the  Commission  would  recommend  that  the  improveme 
of  New  Madrid  Reach  be  first  undertaken;  and  secondly,  that  of  Me: 
2>his  Beach. 

Estimates  for  this  work  are  submitted  herewith,  and  the  estimate  pi 
viottiily  sent  in  is  repeated. 

LEVEES  AND  OUTLETS. 

Work,  under  the  allotment  made  by  the  Comnussion,  from  the  apin 
l>riation  of  August !!,  1882,  has  been  continued  during  the  year  ontho 
levoes  which  were  not  finished  before  the  flood  of  1883.  It  is  expect 
that  all  will  bo  completed  before  the  expiration  of  this  year.  Mo 
detailed  notice  cf  this  work  will  be  found  in  the  rex>orts  of  the  distri 
officers. 

The  (vOiiiniis^^ion  now  recommends  the  continuation  of  levee  wo] 
during  the  next  season  on  the  fronts  of  the  Tensas  and  Yazoo  Basins. 

Surveys  and  examinations,  to  ascertaiu  the  condition,  cost,  and  effe 
of  levees,  have  been  continued  during  the  past  year.    The  limit 
topograph^'  of  the  surveys  extends  back  from  the  river,  to  include  tl 
4^iie  and  height  of  all  existing  levees. 

Besides  this,  special  examinations  of  two  distinct  characters  ha^ 
4)een  undertaken  and  carried  far  enough  to  yield  important  inform 
tion. 

l8t  To  ascertain  the  effect  of  outlets,  particularly  in  the  form  of  cr 
vasses,  resurveys  have  been  made  in  the  neighborhoo<l  of  several  of  tl 
.:great  breaks  of  1882,  to  compare  with  the  general  survey  which  wfi 
'extended  over  the  river  in  the  years  1880  and  1881.  The  result  of  th; 
•work  is  graphically  shown  and  accompanied  by  descriptive  text  i 
Appendix  D. 

in  every  observed  case  large  loss  of  section  occurred  as  follows : 


I 

Place.  Contraction. 


Mnlonc'ft 

.Rlverton 

Bolivir 

:&l<>uiiil  Plooe. 


Square/ret 
2, 200 

11,000 
8,400 

23,800 


Contractioi 


Pereentayc 

.1 

< 

•  4 
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The  above  figares  are  the  means  of  nameroos  lines  run  at  each  place. 
It  is  worthy  of  notice  that  the  later  of  these  comparative  surveys  were 
taken  at  lower  stages  of  water  than  the  earlier,  and  therefore,  throagh 
the  bars,  other  things  being  equal,  a  more  deeply  excavated  ^d  might 
be  expected  in  the  later  surveys.    But,  as  the  contrary  is  the  case,  it 
may  be  inferred  that  the  observed  net  results  are  decreased  rather  than 
exa°:);!^erated  by  the  relative  conditions  prevailing  at  the  time  of  survey. 
Similar  observations  have  been  made  during  the  year  at  Bonnet  Carr^ 
crevasse,  with  this  difference :  the  foregoing  comparisons  were  between 
chanDels  Iteforeand  after  the  breaking  of  the  crevasses,  while  the  follow- 
ing in  between  a  channel  during  the  flow  of  a  crevasse  and  after  its  closure. 
11^  results  harmonize.     Through  this  part  of  the  river  (35  miles  above 
New  Orleans)  such  depths  prevail  at  all  stages  that  great  changes  may 
occur  without  affecting  navigation ;  but  valuable  opportunity  for  ob- 
servation on  crevasse  effects  was  afforded,  at  a  point  where  conflicting 
statements  had  been  made  with  equal  veheuietice.    Careful  surveys 
were  therefore  made  while  the  crevasse  remained  open,  and  repeated 
over  the  same  lines,  in  the  fall  of  1883,  after  the  crevasse  was  closed 
and  the  flood  of  that  year  had  passed.    The  final  results  of  this  work 
are  Dot  yet  prepared,  but  the  change  observed  is  scour  throughout  the 
reach  below  the  crevasse,  amounting  to  approximately  12  per  cent,  of 
the  low-water  area. 

In  the  last  report  of  the  Commission  (Appendix  F,  p.  116)  will  be 
foand  the  results  of  gauging  observations  on  the  Mississippi,  at  and 
above  Saint  Louis,  in  the  years  1880  and  1881.  Similar  observations 
were  undertaken  in  the  fall  of  1881,  at  Paducah,  on  the  Ohio,  and  at 
Colambns,  Helena,  Hay's  Landing,  and  Red  River  Landing,  on  the  Mis- 
sissippi below  Cairo,  and  continued  into  the  fall  of  1882.  The  value  of 
this  series  was  much  enhanced  by  the  fortunate  occurrence  in  this  year 
of  the  greatest  recorded  flood.  Accompanying  this  report,  as  Api)endix 
F,  will  be  fouud  the  tabulation  and  plotting  of  their  results.  They 
hare  not  been  long  enough  available  to  have  received  complete  inves- 
tigation. Certain  facts,  however,  are  quite  apparent  in  both  series.  It 
is  observable  that  the  rate  of  velocity  and  discharge,  during  a  rise,  in- 
creases more  rapidly  yrhiie  the  liver  is  still  within  its  banks  than  dur- 
ing the  higher  stages  when  the  banks  are  submerged,  or  escai>e  occurs 
throagh  outlets.  At  several  of  the  stations  the  increase  of  velocity  is 
eotirely  arrested  at  about  a  bank-full  stage,  and,  before  that  elevation 
is  reached,  absolutely  greater  velocities,  and  even  discharges,  were  found 
tbau  at  higher  stages,  when  much  of  the  volume  was  lost  over  the 
banks.  This  phenomenon  probably  continues  while  the  swamx^s  are 
•  filling,  and  the  draft  from  the  river  is  across  the  banks.  After  they  are 
filled  to  or  near  the  height  of  the  river,  this  indirect  motion,  and  its  loss 
of  power,  ceases,  or  becomes  a  very  gentle  one,  generally  parallel  with 
tbf  liver,  ionning  what  may  be  termed  a  "  water  bank."  It  is  fairly  in- 
ferahle  from  this,  that  if  the  conditions  under  which  a  certain  curve, 
represoDting  the  increment  of  velocity  and  discharge,  while  the  river  is 
still  within  its  banks,  was  developed,  were  continued,  the  form  of  the 
cone,  throughout  its  upward  extension,  would  be  maintained,  and  that 
tlit*  additional  height  required  for  levees  to  restrain  maximum  floods 
^ould  be  less  than  that  computed  alone  from  a  consideration  of  the  in- 
crease  of  volume. 

An  illustration  of  the  accuracy  of  this  inference,  as  well  as  of  the  way 
in  which  flood  heights  are  immediately  augmented  within  the  river  bed, 
under  existing  physical  conditions  by  crevasse  outlets,  is  found  in  the 
comparative  conduct  of  the  high  waters  of  1882  and  1883,  along  the  front 
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of  the  Yazoo  Basin.  Althoagh  the  volame  discharged  by  the  flood  of! 
was  unqneslionably  greater  than  that  of  the  subsequent  year,  owin 
its  duration,  yet,  from  Cairo  to  Helena  the  waves  attained  heij 
nearly  equal  to  each  other,  and,  in  both  cases,  above  those  of  prev 
records.  The  same  conditions,  as  regards  outlets,  or  the  gaps  in 
Saint  Francis  levees,  prevailed  during  the  two  years.  At  Heleni 
both  floods,  the  maximum  heights  were  reached  on  the  return  of 
overflow  from  the  Saint  Francis  Basin.  But  the  first  of  the  two  fli 
under  consideration  wrought  great  havoc  on  the  ]ev(*es  at  the  hea 
and  along  the  upper  part  of  the  front  of  tlie  Yazoo  Basin.  Of  1,500 
cubic  feet  per  second  ganged  at  Helena  at  the  top  of  the  flood,  one-th 
or  500,000  cubic  feet,  were  estimated  by  the  assistants  of  the  Commisi 
charged  with  that  duty,  as  escaping  from  the  river  through  these  bm 

Notwithstanding  this  depletion,  which  left  in  the  river  bed  a  vdi 
not  exceeding  that  which  the  Helena  and  Hay's  Landing  gaugingi 
dicate  can  be  discharged  at  these  stations  at  a  stage,  respectively,  ti 
5  feet  lower  than  the  maximum  readings  of  the  year,  or,  approximat 
at  a  bank-full  stage,  the  greatest  flood  heights  were  reached  along 
entire  front  of  the  basin. 

The  moist  destructive  work  of  this  phenomenal  flood  was,  howe' 
near  the  lower  end.  The  water  leaving  the  river  through  the  creva 
at  the  head,  and  olong  the  front,  sought  the  lower  levels  near  the  mc 
of  the  basin.  Tlie  Yazoo  River  and  other  branches  of  the  natural  dr 
age  system  were  inadequate  to  afford  it  exit.  It  accumulated  in 
ba^in  to  a  height  of  several  feet  above  the  level  in  the  river,  until,  o 
topping  the  levees,  an  equahzatiou  of  height  was  established  betw 
the  river  and  basin,  above  the  maik  that  would  have  been  reached 
the  flood  passing  through  a  proper  channel. 

In  1883.  the  flood  wave  reached  Helena  with  approximately  the  si 
height  as  in  the  previous  year,  but  overflow  into  the  Yazoo  Basin  ' 
prevented  by  the  holding  of  the  levees  which  had  broken  the  year 
fbre.  In  passing  along  the  Yazoo  bottom,  the  wave  did  not  vary  i 
terially,  in  height,  from  that  of  1882,  until  the  lower  end  was  read 
Here,  owing  to  the  exclusion  of  overflow  fmm  the  head  of  the  basin, 
little  return  flow  to  the  river,  beyond  the  natural  drainage,  occuri 
and  the  height  of  1882  at  Vicksburg,  the  nearest  gauge,  was  not  read 
by  about  fiv'e  feet. 

While  these  two  floods  attained,  approximately,  the  same  heig 
along  the  part  of  the  river  under  discussion,  the  diflTerence  in  velo< 
was  very  marked.  Gaugings  in  1882,  when  the  overflow  into  the  Ya 
Basin  was  enormous^  established  the  sluggish  movement  of  the  ws 
during  high  stiiges.  This  was  also  the  personal  observation  of 
classes  engaged  on  the  river ;  engineers,  steamboatmen,  and  plants 
In  1883,  when  the  flood  wave  was  excluded  from  the  Yazoo  bottom, 
great  velocity  along  its  front  was  universally  noticed  by  the  same 
servers. 

The  conclusions  to  which  these  facts  contribute  evidence  may  be  tl 
stated.  The  loss  of  volume  through  high-water  outlets  (jauses  bot 
diujinution  of  velocity  and  a  deflection  of  the  tlirend  of  movt*,ment  of 
stream  towards  the  outlet,  accomj>anied  by  loss  of  the  i)Ower  necessj 
to  transport  the  material  with  which  it  is  loaded.  The  excess  of  Ic 
is  dropped  in  the  bed,  decreasing  the  section  below  the  outlet.  Wl 
these  conditions  recur  frequently,  and  are  extended  over  long  parts 
the  river,  as  the  front  of  any  one  of  the  great  basins,  where  volume 
alternately  reduced  and  augmented,  the  injury  inflicted  on  the  river 
a  channel  or  as  a  drain  is  cumulative,  leading  to  general  deteriorati< 
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If  the  change  from  low^  water  to  flood,  with  its  enormous  range  m  the 
measure  and  direction  of  the  river's  forces^  is  unfaTorable  to  the  develop- 
ment of  a  navigable  and  permanent  channel,  or  an  effective  dischar<^e 
seetion  from  the  different  conditions,  in  the  same  place,  at  different 
tunes,  it  certainly  increases  these  difficnlties  to  allow  the  introdaction 
of  different  conditions,  at  the  same  time,  in  different  places. 

The  relief  from  excessive  flood  heights  which  might  have  been  antic- 
ipated from  the  decrease  of  discharge  below  the  outlet  is  not  realized, 
owing  to  the  immediate  diminution  of  velocity,  and  of  vis  viva,  and  the 
eoDseqnent  contrsictiou  of  sectional  area.  Besides,  the  flood  •  water  winch 
eseapeH  through  the  outlets  is  returned  to  the  river  at  a  point  lower  down 
under  conditions  which  give  it  a  power  of  increasing  the  flood's  height  to 
an  elevation  which  would  not  have  been  reached  by  the  same  volume 
paasing  down  the  legitimate  channel. 

The  fiicts  observed  during  the  past  year,  of  which  the  more  important 
have  been  here  recapitulate,  have  corroborated  the  views  of  the  Com- 
mission heretofore  expressed  in  reference  to  the  utility  of  levees  as  a 
means  of  channel  improvement.  This  statement  is  made,  as  heretofore, 
with  the  limitation  that  for  purposes  of  channel  improvement  merely, 
the  limit  of  economy  is  reached  with  the  confinement  of  the  ordinary 
flood,  and  does  not  extend  to  the  restraint  of  the  abnormal  or  extraor- 
dinary flood.  The  result  of  this  qualification  is  that  the  building  of 
IcYws  to  the  height  necessary  to  protect  the  alluvial  basin  from  over- 
flow is  not  necessary  as  part  of  a  logical  plan  of  river  improvement. 
The  work  of  determining  approximately  what  will  be  the  necessaiy 
height  of  such  system  of  levees  has  been  in  the  hands  of  a  committee 
«Dce  a  time  prior  to  the  last  report,  who  will  report  upon  it  as  soon  a^ 
the  extensive  investigations  necessary  to  reach  satisfactory  conclusions 
upon  the  subject  can  be  finished. 

In  the  mean  time  it  is  proposed  to  complete  the  elosuro  of  .craps  in  the 
existing  levees  along  the  Yazoo  and  Tensas  fronts  begun  a  year  ago,  as 
the  most  economicaland  the  shortest  method  of  shutting:  off  the  e8cai)e 
of  water  into  those  great  reservoirs  and  securin*i  so  far  the  benefit  of 
the  entire  volume  of  the  river's  ordinary  discharj>:e  in  the  improvement 
of  the  channel.  Beyond  that  the  Commission  is  not  ]>repared  at  this 
time  to  make  any  specific  recommendation  for  construction  of  levees  as 
a  means  of  channel  improvement,  and  reserves  the  subject  for  furtb^T 
consideration. 

The  act  creating  the  Commission  makes  it  the  duty  of  the  Commis- 
sion to  consider  the  subject  of  the  prevention  of  destructive  floods,  and, 
as  bearing  upon  that  matter,  there  is  submitted  for  information  the  fol- 
lowing summary  of  the  probable  extent  and  cost  of  such  system  of 
levees  as  would  be  necessary  for  that  purpose. 

It  may  l>e  stated,  further,  that  there  are  serious  practical  difficnlties 
in  the  way  of  constructing  a  system  of  levees  no  higher  than  would  bo 
necessary  for  the  confinement  of  ordinary  floods,  and  at  the  same  time 
protecting  them  against  disastrous  injury  from  the  great  floods  which 
occur  at  irreffiilar  intervals.  The  practicability  and  probable  cost  of 
snch  protection  is  one  of  the  subjects  in  the  hands  of  the  committee 
iM'fore  referred  to.  It  is  obvious  that  for  the  secure  i)rotection  of  the 
valley  from  overflow  there  is  necessary  a  system  of  levees  high  and 
Btrong  enough  to  withstand  the  greatest  flood,  ^o  other  means  of  pro- 
tmiou  is  practicable  or  even  possible.  These  facts  suggest  obviously 
the  idea  of  co-operation  between  the  General  Government  and  the  com- 
munities interested  in  the  prevention  of  overflow  in  the  maintenance 
of  a  levee  system  which  shall  serve  at  the  same  time  the  purpose  of 
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\e  9f  cMo  fmrdg  ofearihwark  required  for  leoees  an  MiaHasippi  Biner,  /'o.— Cont'd. 


Grade. 


lisbaa  Bne  to 
ppoete  War- 
pBtoa. 


catoBedKrer. 


100 


150 


>4  Hirer  to  forU 
brfow  New  Or- 


279    2  ieet  above 
high  water, 


lorn  Lake  to 
Frisr's  Point. 


'liif »  Pmnt   to 
Sunflower. 

lafinvertomoath 
^'TuooRirer. 


'Won  Rou;jo    to 
foru  below  New 


Mt  at  35  cento 
>frcnbic  yard. 


70 


. . .  .do 


34   ....do. 


220 


3  feet  above 
hish  water, 
1882. 


200  I  2   feet   above 
I      hj^h  water, 
1882. 


Contenta. 


CMbieyardt. 
8.428^080 


Bemarka. 


5^140,000 


d,  652, 000 


1, 276, 000 


620,000 


8,925^000 


4.  838,  000 


45, 775,  080 


$11, 443, 770 


This  ia  the  estimate  of  the  aeaistant  en- 
eineer  in  charge  of  the  lino  for  roii»* 
iDK.  the  Ibvees  8  feet  for  their  entire 
length.  As  the  grade  of  the  line  is 
very  uneven,  this  qnantity  of  earth- 
work, api)liea  to  the  lowest  places, 
woald  raise  the  ^rado  of  the  line 
more  thnn  3  feet.  It  Is  lieUeved  to 
bo  sufficient  for  a  safe  i;r^de.  (See 
Appendix  — .) 

No  survey  has  been  made  of  thin  linf*, 
but  the  sj*mc>  pvi  vision  is  made  in  the 
estiroatu  as  in  thut  from,  the  Lonisi* 
ana  line  to  opposite  Warrenton,  viz, 
a  uniform  addition  of  3  feet  uver  the 
entire  lino,  on  on  assumed  heipcht  of 
6.06  fret. 

This  lino  is  now  complete  in  length,  but 
of  InHuflicient  grade.  The  necessity 
for  higher  grade  is  explained  in  the 
following  text.  The  assumed  mean 
height  is  7  feet,  to  be  raised  to  0  feet. 
In  the  exccuiion  of  the  work  much 
the  greater  partof  the  addition  would, 
of  course,  be  made  to  the  upper  part 
of  the  line. 

This  estimate  is  based  on  smveys  and 
computations  made  for  the  ]purpose 
(see  Appendix  — ).  An  addition  of 
half  a  foot  in  made  to  the  urigiunl, 
making  the  giado  of  this  estiraute  2 
feet  above  hi^h  water,  1882. 

There  exist  but  two  breaks  in  this  line, 
but  the  estimate  is  prorated  per  milo 
from  the  foregoing  line. 

This  estimate  is  based  on  the  report  of 
the  United  States  assi>taut  engineer 
and  engineer  of  Mississippi  levee  dis- 
trict (see  Appendix  —).  Iho  same  re- 
mark applied  to  estimate  from  Louis- 
iana lino  to  Warrnton  is  ii no  here. 

The  remarks  applied  to  Jine  from  Red 
River  to  Fortn  ia  repeated  here.  The 
conditions  are  precisely  the  same. 


le  Commission  is  not  prepared  to  state  that  these  are  the  exact 
^  that  are  likely  to  be  adopted,  but  it  is  not  believed  that  grades 
^ees8  of  these,  on  the  average,  will  be  required  for  the  purposes 
orth  iu  the  organic  act,  unless  a  change  of  regimen  occurs  from 
-  remote  cause,  such  as  the  extensive  clearing  of  the  precipit<  us 

of  some  of  the  tributary'  basins. 

has  been  the  experience  of  the  General  Government,  as  well  as  of 
iparian  States,  that  such  embankments  as  the  above  can  be  con- 
ted  for  an  average  ])rice  not  exceeding  25  cents  per  cubic  yard, 
?  a  result  of  $11,443,770. 

conclusion  of  this  stibject,  the  Commission  coii.siilers  it  necessary 
11  the  attention  of  Congress  to  peculiar  conditions  existing  l)elow 
River.     This  section  of  the  river  is  in  a  state  of  much  greater  sta- 

tban  is  found  in  any  other  i)art  of  its  ctmrse  below  the  junction 
e  Missouri.  At  a  short  distance  below  Red  lliver  it  becomes  nar- 
r  and  deeper.  It  has  been  leveed  throughout  for  a  great  many 
.  No  Hood  complications  arise  here,  as  above,  from  the  return  of 
low  water  which  has  esca[)ed  from  the  river  at  points  higher  up. 
all  reaches  the  sea  through  the  numerous  delta  bayous  on  either 
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fiiilo.     Its  UviL  enloRSTBd  by  levees,  ia  fidriy  adapted  to  the  i 
m^rvu.'  \y\\ivii  Iius  Uirherro  been  imposed  upon  it. 

Diiriii;:  rlie  tiiMMU  .it'  IS7L  IS82.  i\nd  1883  this  part  of  the  iff 
tUhni  ni  its  iinnoi*r  <*:ip;icirv.  The  levees  were  a  warii  for  hiM 
mlKw,  .anl   rhe  ^v:lVi.^  of  passinjcr  steamers  rolled  over  tlw*™- 

riu>  vszui&riii;:^^  ^ir  r;HToiIton  in  1883  showed  that  tte  river 
piMiir  wasi  only  «UM*hursans<%  :\t  ^  ma3dmnnu  abont  1^00,000  eai 
fier  >HH'uiui.  \T[iik*  rhi)>e  ;ic  LUhL  Blver  Landing  in  die  previa 
mio\v(mI  ruuc  liuiibie  rliis  voiome,  or  oboat  2J!0U,000  feet,  ibiind 
ilowti  rbe  vallovs  of  rbe  Mi&«ist^ppi  and  Bed  rivers. 

WUtle  tr  is  nor  anriiripated  rfaat  the  compietioii  of  the  levee 
'D'lK^iis  ;n>iir  ro  wirhin  2t>  mile»  of  Bed  Bivw,  and  the  eonl 
within  rlie  river  of  tiiar  pare  «»f  the  dood  whieh  haR  been  aDom 
oup«*  alNix-v  will  ^*aiise  ^^oearer  dood  hMgfats  at  the  month  of  Bee 
it  !MH«mH  (!«^rrau]  rhat  it  ^1  have  the  edaet  of  increasing  and 
iimtikranr  r!it*  onrlet  of  rhi'  Missiswppi  throng  Old  Biver  da 
Ati;liariiIuy:K 

Htnitiure-*  riiiir  may  beinime  ne«»s»ary  to  prevent  this^  by  dind 
Mio  *liM'liar!rH  of  rlie  Arrhahiluy.i,  or  by  liinnrtin^  moreof  theBa 
flow  lioirn  r)i4'  MTssissi[ini.  ^rilI  riinnv  into  the  latter  stream  a 
in  t*xet>s«)  of  any  Icao^ii  iiisi*hanr<>.  While  rhis  increaHed  voInuM 
iindoubrtMily  luaki.'  roorii  tor  in>eit  by  ultimate  enlargement  of  i 
It  i'\»nlii  only  ilo  m»  i\v  rhe  irork  of  s^^oiir.  the  resistance  to  whid 
Iv  fiuliratiNl  ;Hul  rneasiireil  by  incrvasetl  4lope,  or  greater  elevi 
Hiir^uv  Minni^fhour  that  parr<)frhe  river  whilenmiergqing^enlari 

^K*h  aildirional  {H^n'H*e ^kLoiiI  '■  aor  be  imposed  upon  a re^on  u 
ht»vo  bveri  Uilopteil  the  measures  aetressary,  under  existing:  con 
l^>t' pivriH'(  ion  fi-om  iuundarion.  Arbour  «iiio  ^>ivpaRition  fibr  the  inn 
lKMi:lit  wUich  will  be  ^ivi»n  rb**  diMHis. 

riio  v'ojiMinssioil  n*[H*ar^  -virii  '•t'l^^iasi'^  -u«*  -.'t^'ommen Nation  n 
Oii«v  |Mv«v«|!  !«;:  ivjMT*"^.  rl'rir  •T"v->i;iw:  v  luuU'  ■^^' 'aw  tor  theap 
HtoM.  l»\  m!i!:iMi»  pn^vt^u:T::j:>i.  'f  aiitL  ri<:  rnarerai  aet*essary 
\\x*tK  oi  \lissisMt»pi  Kivi.'r  !•!! nn 'Vf*rn I* 'ir  Ti«'>r"jic.*'i  :>'•  rhe Gorer 
\\  lUiMi  iIk»  fM;sr  year  so!t?i*  '44*rTiHi»*  :ni*')av-t*MMii*t'  '];!s  l^een  satfere 
\'>.»iJmI  lilt  ilrrt*.!!!^^  maWe  :>v  ;anii-*^'VTier>.  u^r  '^risu  and  piles. 
!•»  lU'Miitx  .iiv%  lit  mrsr  i:asi^s.  W'T-ii  ':"":♦*  -r  n^riiiiTix  n>  rbe  ownt 
■»M-  uii.Hdl  il»lo  fo  any  buyer  f^Ai'epr  riii*  '  1-; ';'."•■";:! rni'Mr  .ic  any  price 
n  iht^  pihVH  «*i»mo  owners  x*»i£  rV-r  rheni  *«:»*^"  w  »ni«i  make  a  l:irg 
»••  iH»..i  li  !.s  !M»r  Ivlievvil  rhar  rher»*  x-  ;i.<:  i^**  treiiaeatocirasioa 
<4Mi  [\\  \'t»iii(o>-'rt.ifton  of  private  nrr»nerrr.  -.f'  ^r.i*h  '^rveedinj^J  wi 
ihtMi'.ct),  ts  III  !iio.<t  rases  Th**  exirtfemtp  '"*f  '!:e  ;M>.Ter  would  be  i 
^Tiii  |oo\\«Mti\o  of  e\torti'"'c  :  :iirlionjrii  «^jL-es  may  arisw  in  wbi 
iM».4.io.>i*»\»ii  .m*l  oM'ivise  of  rh^r  norr^^r  V'.nlil  '>*  Iii^ii'.y  important. 

♦  »  14  hi,:M\  ilv\>tiraMe.  also,  ^h;ir  Con^';':^^■•  -^j^ill  :^res4?ril>e  by  la 
r\nn»  to  \\hu*l»  ma  to  rial  fi>aini  oa  :.-^ljn*:.'»  .iiiii  '";irs  in  tlie  river  a 
I .« il  svtilii»ui  |M\mv'iit  of  I  Lis:  j.:.**^?-.  f*:  l*  ■  f-i:-^t^ii  ciiac  tlie  su; 
« •,  .11  \»i  \^Moi\»l  .util  itMtuweai»rnr  t/t'  nv-rn  nar-^-abi*^  i\^c  iurer-:^tat« 
MM^»»  wti^h  iH  w'Ntv'd  III  the  Tni-Hil  ^rCitr^  carries  w:*Li  ir  rhe  ri 
o  .v»  "»  »hc  v\\»ilv  ol'  ituprv>veruenc,  wirh^-at  the  «:OD?ei:r  of  any  imli^ 
*'\s  u  I .  il!  xitxh  itiaional  as  may  found  within  the  liciiits  oii  the  ri^ 
M^  i«.  kHs\  Kvn\iiluun$f  |Kirt  of  it.  r[H)Q  this  iKMnniifferenoesof  0| 
t*u^  lu*Wv*  u»  ^^n^^  U^twtH'U  the  engineers  in  charge  and  ri^Kirianp 


fti 
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Aon,  to  avQJd  which  there  should  be  snch  express  provisioii  of  law  as 
riB  define  the  xespeotive  rights  of  fhe^  GoTeniinent  and  the  private 
[iner  SB  deariy  as  possible. 

ftii  leeommended  also  that  provision  be  made  by  law  for  retaining 
|«iM  bj  the  Oovemment  over  areas  of  lands  bailt  np  from  deposits 
jyneed  1^  the  works  of  improvement  placed  in  the  river  bed.    These 
in  some  instances  to  hundreds  of  acres,  and  in  some  localities 
owners  m:iy  be  disposed  to  claim  possession  of  them  to  the 
It  of  the  improvement.    It  is  expected  that  in  most  snch  cases 
tiiU  be  finmd  desirable  to  encourage  the  growth  of  trees  upon  the 
made  banks,  and  occupy  them  in  that  way  for  many  years,  and 
]» permanently.  ^ 

iim^arded  as  important*,  also,  that  a  law  shall  be  enacted  for  the 
It  of  any  person  who  shall  make  a  cutoff  at  any  neck  or  bend 
ifte  Mississippi  Biver.    The  history  of  the  river  indicates  a  tendency 
eyoles  of  change.    A  cut-off  is  followed  by  a  sudden  in- 
of  velodty  in  its  vicinity,  and  by  rapid  caving  above  and  below. 
lire  likely  to  cause  other  cutKJffs,  one  after  another,  and  there  then 
a  widely-extended  and  long-continued  disturbance  of  the  regi- 
iif  the  river.    During  the  continuance  of  such  a  period,  works  of 
It  in  the  channel  would  be  attended  with  the  greatest  diffi- 
^o  great  cut-off  has  occurred  aince  that  at  Vicksburg  in  1870, 
Ike  present  conditions  of  the  tiver  in  tliat  respect  are  regarded  as 
But  the  conditions  are  also  existing  for  the  introduction  of 
of  changB  by  the  making  of  a  single  cnt-ofl^  the  iqjorious  con- 
of  which  it  is  impossible  to  estimate.    Such  events  have  hap- 
in  the  post  throufl^  the  lawless  acts  of  individuals,  and  against 
Mngent  penalties  should  be  provided. 


FUfANCIAL  8TATB1IKMT. 

uiam  for  $Mrv€jf»  and  expenseB  of  the  Mianssippi  River  Cwnmisnon^  act  of  March 

3,  1883. 

on  hand  December  16,  1882 $91,780  88 

by  act  approved  March  3,  1883 150,000  00 

Tdal 241,780  aS 

ihMn  December  16,  1882,  to  November  30,  1883,  including  esti- 

fiabiUties 174,700  00 

which  it  it  estimated  wiU  be  required  daring  remainder  of  fiscal 
MdiDg  June 30,  1884 67,080  88 

241, 780  88 


isitimate  of  funds  for  fiscal  year  1885,  which  was  transmitted  to 
ikMrable  the  Secretary  of  War  on  June  25, 1883,  is  here  repeated. 

or  ruvDS  for  sai^^bies  and  expenses  of  the  commission  for  next 

FISCAL  YEAR. 


the  **  niTTeTSof  the  MIsBissippi  River  between  the  Head  of  the 

ite  month,  and  its  headwaters,  now  in  pro^res^'' ;  to  make 

■oryeys  and  examinations  of  said  river  and  its  tributaries" ; 

ikeneh  additional  examinations  and  investigations,  topo^aphical, 

lyaphical^  and  hydrometrical,  as  are  necessary  for  maturing  a  plan 

H^poBanent  improrement  of  the  entire  river;  for  salaries  and  ex- 

a  if  the  Comnusaion  in  traveling,  mileage,  and  iD8f)ection,  for 

r  oompnting,  draughting,  &c. ,  and  for  publication  of  maps 


$200,000  00 
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Vtu>  i-Htiiutttv  of  fiiuds  for  works  of  improTemeut  for  tlie  fiscai 
IH&X  w  hioh  wiis  transmitted  to  tlie  houorable  the  Secretary  of  fl 
Jniiv  36t  l?iS^  is  b«rti  repeated. 

WaUiAl*  l^  VVKM   FOR  WORKS   OP  IHPKOVeUENT  FOR  rUCAI.  YZAK  KHDIin 

30,  laas. 

li\ii  <a«tk«  irf  Imlimvpniput  on  the  MiiwiBsippi  Biver  Ywlow  Cairo,  ia- 
ijmUiW  •iwks  In  ppopress  in  lh«  Lake  Providence,  PliitD  Point,  and 
MMwyktB  KMi'h«a;  toe  complolion  of  tho  closiitK  of  exiHtiog  crev- 
MMM  HImI  itiitteMou  tlieTpDHaa  and  Yazoo  ftoota;  the  recti  flcation  of 
SttfaiJ  «iHlAti'li»nilaya  Rivera, and  the  barbora  of  Memphis, Vicfct- 
lumt)  N«lv<tt*«,  nml  NowOrlcauB t3,0M| 

til  luUlltloii  to  the  above,  aud  as  explaioed  in  the  foregoias  t 
tbw  Cotimilwloii  prpseuts  the  following: 

^■IIBt—iiiiil  mMmo)*  /or  Ihtyna  Madrid  and  MvntpMt  Btaehet  fOr  fiiMl  year 
^"^  Jong  30,  I8«i. 

ViMWMttiiii  ttio  Mow  Madrid  R«acb |1,000. 

W«wkk>u  llui  Mftaphla  B«aoh 675, 

.^jynvriuNoN  for  improving  Mliiaiippt  Btoer,  act  of  Aaguit  2,  186-2. 

li»U«v«  lW*i>iiil>.'r  I,  IMWi - ia,38& 

Auti^uul  vxuunilvil  tii  November  1,  1883,  iucJnding oatot.aDding  liabili- 
ItV*  liMHut»l*il)  til  Januniy  I,  le84,  foe  Bteamboats,  pilo-ilrivera,  and  1 

viVm  lli>*Mi>II  I'll""' >  for  mBtciials,  tools,  aunplieH,  and  labor,  contin- 
ultid  ai«>  Hii|(lniilii|t  work  at  Plum  Folat^aad  Lake  Proviilcnce, Mem- 
ukK  »"il  ^''''   ^TlillH^I;  I'lT B«b»i»ting  and  qnartoring  the  labor  em-  " 

uluk,.,)  I  111!  i.:.  mii'iiiicin  contraow  for  conatmctign  and  repair  of 

Cv';  2,187, 

^^^^^^^ ii  .M it  iMi|>l<'il|jec]  January  1,  lg34,  and  whiuh  nil]  be 

tvuu<i>''l  iiM  i. IK' III  |iri>|>i'it,v  and  maintononceof  organization  duritlg 
lJiiU»vin»liiil.ii  "f  tbii  Uw^al  juar 200, 

8,388, 

Jpproprtation  for  N0te  Orleant  Sarior. 

*t»y«W».>«hWidJul7l.l888 tU7, 

ByifWttW  flwrn  July  1,  1B8S,  to  November  I,  1883 36. 

5iiwrw»»»ll»hl«SoTMilbM  1,1883 im, 

147, 
4fpropTialio»  for  improving  mouth  of  R«d  River. 

\Mmt»<M\,wAJvijl,l6ai <ao. 

K\l*«rt«tr»m  July  l.l«a.  to  November  1,1883 61, 

(Www  »vnll«bl«Kovaniber  1,1883 38^ 

90, 
Appropriation  for  ^atdiet  Harbor. 

*Ww»*  «H  han.lJ.ily  I,  1882 ^ 

K^Vi-MiWrhnii  Jiilvl,  1888,  to  November  1,  1883 2, 

UwUkiiHi  available  flovsniber  J,  1B63 5, 

^1 
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Tottl  ftiDoiiiits  of  foods  in  TreaAory  and  in  hands  of  disboising  offloera, 
Soremberl,  1883: 

ApprophatioD  for  improTiog  Mississippi  River $844, 717  13 

AppropriatioD  for  New  Orleaos  Harbor 109,378  91 

Appropnation  for  month  of  Red  River 38,841  74 

Appropriation  for  Natchez  Harbor 5,331  42 

Total 998,269  20 

Estimated  liabilities  to  January  1, 1884,  inclnding  retained  peroentag|es 
and  balaoces  dne  on  contracts  ror  levee  work  and  oatstanding  liabil- 
ities for  material  and  labor  on  works  of  oonstroction 798,000  00- 

Bslanee available,  aa above 200,269  20 

OHAS.  B.  SUTEBy 

Major  of  Engineers j  U.  8.  A. 
Henry  Mitohell, 

Coast  and  OeodeHo  Survey^ 
B.  M.  Harrod. 
BoBERT  8.  Taylor. 
S.  W.  Ferguson. 

I  eoDcar  in  the  foregoing  report,  except  so  mach  of  it  as  relates  to 
lerees  and  outlets,  on  which  subject  I  will  snbmit  my  views  separately. 

0.  B.  OOMSTOCK, 

Lieutenant- Colonel  of  Engineers^  and  Brevet  Brigadier- Oeneralj 

President  Mississippi  River  Commission. 

I  coDcar  in  the  foregoing  report  of  the  Commission,  with  the  single 
qnalification  that  the  value  of  levees  as  a  factor  in  the  problem  of  chan- 
nel improvement  in  preventing  the  wide  dispersion  of  flood  waters,  is 
not  aflBrmed  in  the  .report  in  suflBciently  positive  terras,  and  with  that 
elearness  and  prominence  to  which,  in  my  judgment,  it  is  entitled. 

Q.  A.   GlLLMGRE, 

Colonel  of  Engineers,  Brevet  Major-General,  U.  8,  A, 

As  I  am  unable  to  concur  in  the  part  of  the  report  relating  to  levees^ 
I  jmbmit  the  following  remarks : 
The  Commission  state — 

The  act  creating  the  Commission  makes  it  the  duty  of  the  Commission  to  consider 
tbeftuhjcct  of  the  prevention  of  destructive  floods,  and,  as  bearing  upon  that  matter^ 
there  \h  piilimitted  for  information  the  following  summary  of  the  probable  extent  and 
eost  of  such  a  system. 

The  Commission  submits  an  estimate  for  levees,  to  prevent  destructiv^e 
floods,  from  Commerce,  Mo.,  to  the  forts  below  New  Orleans,  imd  pro- 
poses heights  for  them  of  two  or  three  feet  above  the  high  water  of  1882. 
The  cost  of  the  proposed  system  is  estimated  at  $11,443,770,  and,  for 
the  reasons  stated  hereafter,  is,  in  my  judgment,  too  small  for  any  ade- 
quate system  of  levees  intended  to  prevent  destructive  floods  and  (ex- 
cept at  intervals  of  15  or  20  years)  to  secure  the  property  of  the  inhab- 
itants behind  them  from  danger  of  destruction. 

Before  a  system  of  levees  can  be  planned  the  question  must  be  decided 
whether  it  shall  be  attempted  to  confine  the  greatest  floods,  or  only 
those  somewhat  less  than  the  greatest.    When  it  is  remembered  that 
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tlie  cost  of  those  levees  will  necessarily  be  gre<it ;  that,  as  they 
hi^b,  breaks  throagh  them  will  involve  large  costs  in  repairs ;  tiki 
object  is  to  make  jxissible  the  safe  existence  behiLd  them  of  a  ]ja| 
piYHlnctive  population  in  the  allnvial  bottoms  they  protect :  tlii 
the  expectation  of  snch  a  population  can  justify  the  large  expd 
volved ;  that  breaks  in  the  levees,  when  the  bottoms  are  filled  i 
plantationR,  would  involve  enormous  loss  of  property ;  that  the  a 
height  of  floods  in  rivers  is  now  believed  to  ioer^sie  as  the  county 
drain  is  cleared  up ;  in  view  of  all  these  considenitions  ir  seems  the 
plan  to  face  at  once  a  great  flood,  and  to  provide  tor  its  conflnenM 
tween  levees. 

It  may  be  said  that  with  interest  at  3  per  cent,  it  would  be  d 
to  allow  great  floods  once  in  ten  or  fifteen  years  to  overtop  and  ft 
damage  the  levees  than  to  incur  a  greater  expense  to  avoid  an  et 
occurs  only  at  such  intervals  of  time.  But,  as  has  already  been  m 
only  economical  justification  of  the  expense  involve<l  in  an  d 
system  of  levees  is  the  belief  that  in  time  the  whole  region  pco 
from  overflow  shall  become  populated  and  highly  productive, 
that  time  approaches  the  damage  done  to  levees  by  floods  whid 
over  them  would  be  insignificant  in  pro]>ortion  to  the  incale 
greater  damage  done  to  the  )K)pulatiou  behind  them. 

Moreover,  great  floods  are  not  rare. 

At  Cairo,  ^tweeu  1862  and  1883,  inclusive,  four  floods  have  n 
or  exceeded  a  reading  on  the  guageof  50.8  feet;  the  highest  1 
reading  being  52 A  feet,  in  1883.  A  flood  of  51.5  feet  may  then  bel 
for  once  in  ten  ^'ears. 

At  Memphis,  between  1858  and  1883,  inclusive,  the  gauge  readi 
equaled  or  exceeded  34.0  feet  six  times ;  the  highest  reading  beb 
feet,  in  1882.    A  flood  of  34.5  feet  may  be  expected  once  in  ten 

At  Helena,  between  1867  and  1883,  inclusive,  floods  have  foui 
equaled  or  exceeded  a  gauge-reading  of  45.8  feet ;  the  maximum 
47.2  feet,  in  1882.    A  flood  of  46.5  feet  may  be  expected  once 
years. 

At  the  mouth  of  White  River,  between  1802  and  1883,  inclusi' 
floods  have  five  times  giv*  n  a  gauge-reading  of  40.0  tVet.  or  nior 
highest  lieing  48.5  feet,  in  1882.  A  flood  of  47.5  feet  may  be  ex 
once  in  ten  yeai-s. 

At  Vicksburg,  between  1858  and  1883,  inclusive,  floods  hav 
times  given  gauge-readings  of  48.8  feet  or  more ;  the  highest  beii 
foot,  in  1802.  In  1882  the  flood  only  reached  48.8  feet,  the  nia: 
since  1867,  and  may  have  had  its  height  diminished  by  tlie  Ticl 
cut  off  of  1870.    A  flood  of  40,0  feet  may  be  expected  once  in  ten 

At  Natchez,  between  1858  and  1883,  floods  reached  a  gauge-r« 
of  47.9  feet  or  more  five  times ;  the  maximum  being  50.3  feet,  ii 
A  flood  of  48.0  feet  maj'  be  expected  once  in  ten  years. 

At  Bed  River  Landing,  between  1807  and  1883,  the  gauge  liasii 
years  had  a  flood  reading  of  40.3  feet  or  more,  the  maximum  beii 
ferft  in  188  J.    A  flood  of  47.0  feet  may  be  expected  once  in  ten  y 

At  Carrollton,  floods  have  reached  a  gauge  reading  of  15.41 
more,  five  times  between  1859  and  188.5,  the  highest  being  15.9 
1802.     A  flood  of  15.0  feet  may  be  expected  once  in  ten  years. 

These  statements  refer  to  the  river  as  it  has  been  since  185S. 

In  the  preceding  statements  of  floods  that  iniiy  Im*  expected  c 
ten  years,  the  heights  are  adopted  from  an  examination  of  the  h 
of  the  Hoods  mentioned. 

The  following  table  recapitulates  the  preceding  information,  am 
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ITtte  DgDRs  in  the  last  twocolnmnsof  this  table  becoDipared,it  will 
kmn  aat  in  five  cases  the  fiood  of  1882  was  higher  than  the  flood 
tbt  may  he  expected  once  in  ten  years,  and  in  three  ca^-es  lower,  and 
tbt  is  the  average  of  all  it  was  0.4  foot  higher.  Considering  the  small- 
■Hiof  this  exoesa  above  the  floods  to  he  expected  once  in  ten  years, 
Oeliuitthat  at  fonr  places  oat  of  eight  the  flood  of  1382  was  not  the 
BuiDnm  flood  observed  in  the  last  2U  or  25  years,  and  the  probability 
Oat  the  height  of  floods  will  increaae  in  the  fatare,  it  seema  proper  that 
in  the  plan  for  any  general  system  of  levees,  if  the  principle  of  keepiag 
mt  all  floods,  whatever  their  height,  shoold  be  sarrendered  (a  step  of 
doabtAU  advisability),  the  plan  ahonld  at  least  provide  ioi  holding  a 
9ood  Uke  that  of  1882. 
In  what  follows,  that  flood  will  be  the  one  considered. 
Ideating  the  flood  of  1883  as  the  one  to  be  confined,  the  next  qnes- 
ioD  is  what  height  of  levees  is  necessary. 
From  the  investigations  of  the  CommiBsioo,  the  flow  of  the  floo4l  of 
[SS2st  its  maximam  down  the  Mississippi  Valley,  whether  in  the  river 
mperor  in  the  bottom  lands,  is  now  at  least  approximately  known. 
iVitb  a  complete  system  of  levees  on  the  river  banks,  the  whole  of  that 
low  wonld  be  confined  between  them. 

The  following  table  gives  the  approximate  resalts  of  the  observations 
f  the  Commission  (many  of  them  not  yet  published)  which  were  made 
ID  the  floods  of  1882  and  188:5: 


BUUou. 

Vuimnrndim 
iDriiarpnpar. 

Amonntwblch  ! 

i.oto.ooo 
two.  000 

BOO,00U 
300,000 
HO,  000 

«io,ooo 

OiMc/Ht. 

1.  sou.  000 

Observations  determining  the  relations  between  gange-readings  and 
wresponding  discharges  were  made  at  several  stations.  If  thoHP  gaiige- 
eadings  be  platted  as  ordinates  and  the  corresponding  dischar^ies  as 
bacissas,  the  resulting  broken  line  which  deviates  somewhat  from  a 
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compli 
w.irer  •  .7t-r  :':e  l^anks  and  from  variations  in  the  slope  of  the  ms 
:ver.  '1p.«=-  r-i  d'>r*ls  iu  tribntaries  or  to  return  of  water  from  the  swam 
isro  v^l.i.-j  jr  h:ii.l  ;»i>rvioa,sly  escaped. 
B".'  i!"  -.lierivi-r  whiv l*?- vt»t*d  throaprhoat  its  length,  it  seems  probab 

0  f  r  iis  Ll.r  :nT..s*:;_:;ir:t»i>s  of  the  Commission  yet  go,  that  at  places  i 
ffrcti'd  ;,y  :rr.v;t;;ry  flow  the  discharge  curve  for  the  confined  riverJ 
ill  .sti.-if  <  -^,^,111  Iv  a  continuation  of  that  of  the  unconfined  riven 
-::i:;e>  Ir-ss  liia::.  «■;■  eqPoil  to,  that  at  which  escape  over  banks  begins 

If  tliis  shor.M  W  Vfrifie*!  by  a  comi>lete  study  of  the  subject,  not; 
na.li-  hy  tje  Com  mission,  the  method  of  determining  the  gauge  read! 
ir  ii  l«!.iir.  '.vhtTr-  dis<.-liari:e  observations  have  been  made  which  woi 
*a>s  ;i  jjriven  discharsre  with  the  river  thoroughly  leveed,  would  be 
•rolong  ^Taphieally  the  observed  discharge  curve,  continuing  it  w 
\i^  form  ir  hatl  In-fore  overflow  l>egan  up  till  it  corresponds  to  the 
iretl  disi-har^e.  Th<»  frjui;je  reading  corresponding  to  that  discha 
*i>uld  K-  rlio  ourrespoiuiing  height  of  the  confined  water  surface. 

1  Los:*  t!is:-h;;ri:e  curves  at  Columbus,  Helena,  Hay's  Landing,  and  I 
rtiver  L:>:nlin;r  are  given  in  the  Commission's  report  for  1883.  Any 
.in  exLin:ir.o  the  result  of  prolonging  them  and  form  an  idea  of 
'.ew  ;:r.u^i-  hei;:lits.  although  different  persons  would  differ  somew 
11  os:in;a:injr  their  prolongations.  From  the  discharge  measuremc 
luil  tilt-  observations  of  flood  escape  over  river  banks  in  the  flood 
ISSi'  and  IS-^o.  by  Mr.  Johnson  and  Mr.  Stewart,  it  is  known  that  in 
1oo»l  of  l-N.'^^  the  niaxinium  flow  across  the  latitude  of  Columbus,  1 
tras  approximately  l.S(UMHK)  cubic  feet  i>er  second,  which  at  Bed  R* 
Laiulinj:  inrroasetl  to  about  2,200,000  cubic  feet. 

With  a  thorough  system  oi  levees  these  qu«intities  would  have  I 
»oufined  between  the  levees,  and  the  question  now  is, how  much  w< 
the  levees  have  raised  the  river  surface  above  the  height  it  actually 
in  1882  ? 

At  Columbus,  Ky.,  overflow  begins  at  about  95  feet  on  the  gaugt 
[>rolongation  of  the  discharge  curve  in  the  way  previously  stated  give 

1  discharge  of  1,800.000  cubic  feet  a  stage  about  3  feet  above  the  i 
[)f  1S82. 

A  discharge  curve  for  Fulton,  Tenn.,  is  given  in  the  Commissioi 
[)ort  for  1881.  A  prolongation  of  that  curve  gives  for  1,800,000 
L'harge  a  gauge  reading  of  about  72  feet,  or  10  feet  above  the  floe 
1882. 

The  maximum  discharge  across  the  latitude  of  Helena,  Ark.,  foi 
flood  of  1882  may  be  taken  as  1,900,000  cubic  feet.  Prolonging 
Helena  discharge-curve  to  this  amount,  the  gauge  reading  is  abo 
feet  above  high  water  of  1882. 

At  Hay's  Landing,  just  below  Lake  Providence,  the  maximum 
charge  across  its  latitude  in  the  flood  of  1882  may  be  taken  as  2,00( 
cubic  iect.  The  discharge  curve  i)rolonged  to  this  amount  gives  a  g 
reading  10  feet  .above  the  flood  of  1882. 

At  Ked  Hiver  Landing  the  question  of  flood  height  with  high  le 
will  depiMul  on  the  amount  of  water  that  is  allowed  to  escape  dowi 
Atchafalava.  The  niaxinnim  observed  discharge  at  Red  River  Lan 
in  1882  was  1,000,000  cubic  feet.  The  estimated  flow  across  the  lat 
of  KiHl  Kiver  Landing  was  2,200,000,  so  that  if  200,000  or  300,000  < 
iVot  were  ;il lowed  to  go  down  the  Atchafalaya,  the  flow  below  Red  1 
Laniling  wouUl  be  1,900,000  or  2,000,000  cubic  feet,  so  that  the  ra 
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dM  the  lerees  below  Bed  River  Landin<?  would  bo  necessary  to  hold 
IkiM  increase  of  300,C(H)  or  400,000  cnbio  feet  per  second. 

^licrc  there  was  a  flow  of  fh>m  600,000  to  900,000  cnbic  feet  per  sec- 
ad  down  the  valley,  ontside  of  the  river,  in  the  flood  of  1882,  as  was  the 
ate  for  long  distances  above  and  below  Faltx>n  and  Lake  Providence, 
Aore  vill  be  for  long  distances  levee:}  needed  whose  heights  above 
ike  flood  of  1882  will  approach  the  heights  of  those  needed  at  Lake 
Ijporidenoe  (or  Hay's  Landing)  and  Fulton. 

A  good  system  of  levees  should  rise  3  feet  above  the  expected  heights 
rf  the  eonfined  water.  No  provision  has  been  made  for  this  in  these 
mnrln,  because  at  several  points  the  flood  of  1882  was  the  highest  of 
vMeh  we  have  accurate  records,  and  in  this  paper  it  has  not  been 
|npo0ed  to  confine  the  highest  floods,  although  that  is  essential  in  a 
ttoroagh  and  effective  levee  system. 

lor  has  the  possible  lowering  of  the  river  slope,  which  might  occur 
me  time  after  the  building  of  the  levees,  been  taken  into  account.  The 
Int  effect  of  building  levees  would  be  to  raise  the  flood  surface.  I 
bow  of  no  facts  of  experience  which  give  data  for  determining  either 
the  amount  of  such  ultimate  lowering  or  the  time  required  for  it. 

As  stated  by  tlie  Commission,  a  thorough  study  of  the  subject  of 
krwf  has  not  yet  been  made ;  until  then,  accurate  estimates  are  imi>os- 
Ale,and  the  heights  above  the  flooil  of  1882,  of  3  feet  at  Columbus,  10 
feet  at  Fultou,  4  feet  at  Helena,  and  10  feet  at  Lake  Providence,  given 
ibfTe,  are  only  approximations.  Such  as  they  arc,  th^y  make  it  im- 
liiiible  for  me  to  concur  in  the  estimate  of  $11,443,770  as  the  cost  of 
igenend  system  of  levees  from  Commerce,  Mo.,  to  the  Forts,  adequate 
^preserve  that  country  from  destructive  floods. 

C.  B.  COMSTOCK, 

LkKtenant-ColonelofEngineerSj  and  Brevet  Brigadier- Oeneralj 

President  Mississippi  Riter  Commission, 

Sew  York,  December  22, 1883. 

Hie  Hon.  RoBT.  T.  Lincoln, 

Secretary  of  War. 

(Tbroogh  the  Cbief  of  Engineers.) 
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TABLK  OF    TOTAL   KXPENDITURlS^S,    CON8TBUCTION    DtEPASniEHT, 
COMMISSION,  FROM  TIIK  BEGINNING  OF  CONSTRUCTION  UP  TO 

[Covering  appropriations  of  March  8, 1881,  and  Angnafc  X 1881]  , 

New  Madrid  Reach  .....' 

Plum  Point  Roach h 

Memphis  Reach  and  Harbor 

Lake  Providence  Reach h 

Vicksbnrg  Harbor 

Delta  Point,  La 

Snrvoy  of  Helen  a  Reach 

Barvey  of  Baint  Francis  front,  Arst  district 

Survey  of  Baint  Francis  front,  second  district 

Survey  of  unleveed  fronts,  third  district ; 

Bnrvey  of  unlcvced  ironts,  fourth  district * 

Survey  of  Cn1»itt's  Gap ^ 

Choctaw  Bend  survey I 

Observations  at  Carroll  ton,  La J 

Closing  Bonnet  Carr6  Crevasse ■ 

LBTBXS. 

Second  DiatrUit 
Vmoo  front U 

Third  JHatHot. 

Tensas  front 90 

Yazoo  front 3JE 

Fourth  DistHct. 

Atchafulaya  front 10 

Tensas  front SB 

Total 4,87 

TABLE  OF  TOTAL  KXPKNDITrilEB  FROM  SPECIAL  APPROPRIATIONS. 

Natchez  and  Vidalia  (Jiiik;  :J0,  188:2,  to  November  30, 1883) I 

Mouth  of  Red  Kivcr  (lo  Novonibf  r  1,  ltfH3) 5 

New  Orleans  Harbor  (July  1,  1^%  to  November  1,  1883) 3 

Total 9 

Total  from  all  appropriations .• 4,37 

Respectfully  submitted. 

Clinton  B.  Seabs, 

Ca2)tain  Engineers,  U.  8.  u 

Secretary  Construction  Committee,  Missiesippi  Biver  Conui 
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APPENDIX  A. 

imal  ripobt  ov  thx  rbcretart  of  thb  commission  upon  thb  field  wosk 

of  8urysts  and  examinations. 

Office  of  Mississippi  River  Commission, 

2828  Washington  Avenue, 
SomU  LatUs,  November  13,  1883. 

^domal:  I  have  the  honor  to  snbmit  the  following  report  of  surveys  and  examin- 

1^  during  the  fiscal  year  ending  June  30, 1883: 
Aj^b.— Dving  the  year  the  fleet  was  increased  to  accommodate  three  topographical 

WkB  by  the  addition  of  two  new  boat^  named  the  Illinois  and  Kentucky,  counter- 

fvtiy  respectively,  of  the  Mlssiasippi  and  Louisiana. 

The  old  boats  have  been  thorougnly  repaired,  and  the  Pioneer  enlarged.    One  of 

like  iron  launches  was  lost  in  a  storm  at  Helena,  about  the  end  of  October.  After 
*BvenI  daya^  search  by  a  snag-boat,  it  was  conceded  to  be  impossible  to  recover  it, 
^  the  attempt  was  abandoned. 

The  tng  Miznon  ioid  survey  boat  Missouri  were  inspected  by  Captain  Marshall 
<^  February  10,  and  his  recommendations  that  the  Missouri  and  tne  hull  of  the  Mig- 
sqd  be  abandoned,  the  machinery  of  the  latt^  being  taken  out,  having  been  approved 
by  the  Chief  of  Engineers,  have  been  carried  into  effect. 

/Mfrraaito.— The  old  instruments  were  thoroughly  repaired,  as  noted  in  last  report. 
Hie  following  have  been  purchased  during  the  year:  4  transits,  3  Wye  levels,  4  sex- 
tuts,  3  prismatic  compasses,  2  pedometers,  2  hand  levels. 

There  have  been  transfeirea  to  this  appropriation  from  that  for  the  survey  of 
Horthem  and  Northwestern  Lakes:  1  chronometer,  1  iron  standard  bar,  1  standard 


OrgoMuation  and  methods, — ^The  only  change  to  be  noted  is  in  the  programme  for 
pRciae  leveliD^,  in  which  the  instructions  have  been  so  modified  as  to  require  that 
etch  observer  shall  duplicate  his  own  work  in  opposite  direction,  so  as  to  form  a  loop 
^Mginning  and  ending  on  the  same  bench.  In  tnis  connection  attention  is  invited  to 
s report  by  Assistant  L.  L.  Wheeler  on  cumulative  errors,  submitted  herewith. 

ffofrtti  and  coet. — Precise  levels  were  carried  from  Carrollton  to  the  tide  gauee  at 
Biloxi,  87  miles;  from  Keokuk  to  IHiiton,  171  miles;  and  from  Fulton  to  Savannah,  21 
nulee.  The  last  section  is  a  part  of  the  continuation  of  the  line  to  Chicago,  which 
Ittt  once  been  completed. 

The  cost  of  the  work  in  the  other  sections  was  as  follows: 

CiRoUton  to  Biloxi : 

Total  field  cost 12,778  36 

Coet  per  nrile  of  duplicated  work 31  93 

Keokuk  to  Fulton: 

Total  field  cost 3,252  05 

Cost  per  mile  of  duplicated  work 19  08 

Cost  per  mile  of  river 19  02 

^^ontge  cost  per  mile  of  duplicated  work  for  the  two  sections 23  46 

1^  work  on  the  Carrollton-Biloxi  section  was  undertaken  during  the  windy  season 
^  the  Qolf  coast,  and,  to  meet  this  contingency,  observing  tents  were  providea.  This 
U'is  their  first  use  in  our  work,  and  they  were  found  of  such  great  advantage  that 
■■'Ay  have  been  employed  on  subsequent  work,  and  have  enabled  much  windy  weather 
to  h6  utilized. 

^8  section  was  along  a  line  of  railroad,  and  a  hand-car  was  kindly  loaned  by  the 
^pany  for  transportation.  It  was  found  to  so  materially  contribute  to  the  progress 
of  the  party,  that  on  subsequent  work,  lying  along  a  railway  line,  a  hand-car  was 
pQrehased  and  added  to  the  outfit  of  the  party. 

The  tabulated  results  of  the  final  computation  for  the  above  lines,  and  also  for  the 
^from  Grafton  to  Keokuk,  noted  in  the  last  annual  report,  are  herewith  submit- 
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^JiMft  jmnj    tm\mm\\%  t  Tiiiliwi    jiIibiim  Pi  j  ii  nffwimiTIr 
J^iwikir  41^  jutiiw  «^  xmr 

f^iifi!  iiattf  4H«« 

<;Mt  y«*  JMOM:  W^  j^str 

%¥U4§0^^fim 

tf;Mt|iirMlk4<H'r«r 


inUrtAMMi*  iuiM(Mi4  Jiff;  «l  m4  Vfekfv  tbe  fnaoMl  crtrif  n  «f  ilbe 
mite  4»«rt  4»M»»riw4  M  •^uttw  iHiiw  «r  kj^n^BE^Aj.  cmdb^  f5;.fiS» 


rUM  p(mf,MmAm(mt  CMC  Wiadb^  tahe  Fpgridgace  f  Wi 

%mtA^*4m)0m^fiir^ ^ 

%iml^t  ^^^mam  Mdim  04  U0p0gptfhj 

Mf0m^0^  ¥f  ^wn»^  mUm  tit  liydgognyhy 

T-(*rflM4«** Z 913^ 

iUm  p^  miUf  ^  tiwticr 

^>M  ^  n^iwu^ti  m'iU  uf  mxrir*:j 

T^*<  «#«*  mr'vtcytcAf  ^ittstn  iujIma 

#>M  f^«y  •'IfMl^^  fTiJk 

yU$4  i^-i^/fU  //i^  cAm;  aU/ir«  niotk  by  M«i*tout4»  OckeiBOii,  Winchell,  Wheek 

TtMtmUtv'mi  Utv^'.U  «r«f«  t^nititUsU^  on  tlu;  following  lines: 

Ho,  ft,  fhin»4  Lukf,  Ut  linyiM  }liwi;ttn  Hilln. 

Ho,  7/  l^uk^i  i'tofUUm^'Ji  to  Yt^xiff  City. 

Ho,  H,  ¥nt\ui  J*fti0rjtU,  yf*^i  Ut  liif(|j  larj<L 

Ho,  U,  Vori  A^Mim  Ut  AyoyttWun  Prairie,  and  thence  acioesBayoa  BcDof  ai 

'V\m  Uti9k\  A\nUk9H'A  of  UA  titWfM  wan  accoiupliitlicd  in  a  season  of  174  days. 

'Hi*  Ufiml  ti^M  4nmi  whh  V»;a\H/MU  giving  a  cost  per  mile  of  $3^43. 

A  rtt\Hpfif  hy  AiMtiHimti  K,  H,  l>avis.  of  tbe  entire  work  is  submitted  herewitli. 

()^tmr¥miUmn  to  tltii^trutUni  tbft  encaiie  of  wat4;r  from  the  river  were  made  from 
to  ViaMnirg  at  i\ut  Utp  of  tb«5  fiiKxi  of  l^i.    Below  Yicksburg  the  flood  was 
mtntiititti  rrmgrfltudo  t^i  warrant  the  fM^ritinnance  of  the  observations. 

iMtftrinifiaiiofi  of  hfgh-i«at<!r  maikx  huv<}  been  continued,  and  the  low-wat 
filif  wan  0f%UtUiUu\  from  (UntiinfrcM  to  Na^'hf'Z. 

Till*  ol>«M«rvttf  loij  parti«'ti  iiM;riliorH'(l  in  last  report  as  having  begun  work  at  Pa 
I'oliiiiibiiM,  lU'U'Uti,  HavH*  LhwUuh,  and  Red  Uivcr  Lauding,  continued  the  m< 
fiinMt  of  «ii}i;iioim  and  niMrhur^f^N  during  a  v<'ar,a^  the;  expiration  of  which  the; 
difibartdifd,  TUf.  r**Mi\tH  hiiv«  Uft'ti  partiiilly  reduced,  checked,  and  tabulated 
oltSrv,  and  nrtt  hi'n-.with  hiilMi.iit«;d,  togc^lirr  with  reportij  of  the  chiefs  of  the  ] 
al.  I'ttdiicah,  (/oliiiiibiiN,  Ihiyn'  Lutidiii;^,  ntid  Red  River  Landing. 

To  liMrfrittUt  til"  viYt'i'l  of  the  cloHiire  of  Bonnet  Carr6  crevasse,  jik  hydrograph 
v«y  of  i;  niilffs  In  front  of  it  was  made  in  November,  1882.  This  survey  is  now,  J 
Untf  IH*!t!l,  being  r«peate<l, 
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A  rasorrey  <yf  the  Atehafalaya  was  made  in  December,  1882,  and  January,  1883,  to 
tleteimixie  by  compariaon  with  a  preTions  survey,  the  amount  of  enlargement  of  that 


I  am  glad  of  another  opportunity  of  bringing  to  the  attention  of  the  committee  the 
valmia  and  effieieot  services  rendered  by  uie  assistant  engineers  and  other  employ<^s 
«f  the  Commisnon. 

Tliejpennanent  force  was  somewhat  increased  during  the  year  by  the  retention  of 

the  pnneipal  ofEleers  of  the  third  topographical  party.    The  grade  of  work  has  been 

UsXier  than  we  have  heretofore  attained.    This  has  been  accompanied  bv  a  marked 

Maeticni  of  cost,  due  to  the  increase  of  rate.    These  gratifying  results  are  largely  due 

to  the  policy  heretofore  pursued,  of  so  arranging  the  work  m  field  and  office  as  to 

admit  of  its  being  done  by  a  comparatively  smaU  force,  kept  continuously  employed. 

The  dight  disadvantages  which  this  system  presents  are  repaid  a  hundred  folil  by 

the  pcnonal  interest  in,  and  enthusiasm  for,  the  work  shown  by  a  very  large  majority 

iCtfiote  en^^aged  upon  it;  without  which  the  results  sets  forth  in  this  report  would 

have  been  impossible. 

A  feature  of  the  office  work  of  the  past  year  has  been  the  successful  substitution 
«f  wintiDg  from  types  for  hand-lettenng  on  our  detail  sheets.  The  cost  is  very  much 
noooed,  and  the  appearance  of  the  charts  improved.  In  this  connection  the  services 
of  Mr.  J.A.Ocker8on  are  deserving  of  especial  mention. 

For  details  of  ezi>enditures.  the  committee  is  respectfully  referred  to  the  itemized 
rtatcment  of  expenditures  submitted  to  the  Commission. 
Yery  respectfully,  your  obedient  servant, 

SMITH  8.  LEACH, 
Firat  Lieutenant  of  Engineers f  Secretary, 
To  General  C.  B.  Comstock, 

FreeideMi  Mieeiasippi  River  ComnUesianf  and 

Chairman  Committee  on  Surveys  and  ExamincMone. 


APPENDIX  B. 

nxalbepokt  upon  a  secondary  tri angulation  of  the  mississippi  river  be- 
tweex  cairo,  ill.,  and  keokuk,  iowa.,  executed  under  the  orders  of  the 
mississippi  river  commission,  1880-'81. 

Office  Mississippi  River  Commission, 

Saint  Louis f  Mo.y  December  1,  1683. 

Gkxeiul:  I  have  the  honor  to  Bubmit  herewith  a  iwemorandum  compiled  from  the 
rtofdsof  this  office,  relative  to  the  secondary  triaugulation  from  Cairo  to  Keokuk, 
acfoiDpanied  by  the  results  in  tabular  form,  and  a  sketch  of  the  system,  the  whole 
inteD^ied  to  form  a  fiual  report  upon  this  portion  of  the  work. 
Wrv  respectfully,  vour  obedient  servant, 

SMITH  S.  LEACH, 
First  Lieutenant  of  EngincerSy  Secretary. 
«ien«fral  C.  B.  COMSTOCK, 

President  Mississippi  lliver  Commission  and 

(^hairman  of  Committee  on  Surveys  and  Examinations. 

I.— The  bystem  is  composed  of  146  principal  stations  and  4  auxiliary  stations,  to 
TODDect  the  triaugulation  with  the  Chester  and  Capo  Lacroix  bases.  Most  of  the 
stations  are  6itnat«d  on  the  bluffs  on  either  side  of  the  valley.  They  are  connected 
^T  97  niucle  trianeles,  20  quadrilaterals,  3  pentagons,  and  1  hexagon. 

IL— The  work  depends  on  the  following  known  lines: 

1.  A  ficcondary  base  at  Cairo,  measured  by  a  parfy  of  the  United  States  Lake  Sur- 
rey. The  length  and  azimuth  of  this  luiso  and  the  geodetic  co-ordinates  of  its  ex- 
tranifies  wert^  famished  by  the  office  of  that  survey.  Its  length  is  1,046.78  meters. 
tFor  description  of  this  base,  see  Report  of  Chief  of  Engineers  for  1877,  Part  II, 
F«gell96.) 

z.  A  Necondanr  base  at  Chester.  The  length  and  azimuth  of  this  base  were  doter- 
mntiX  by  Assistant  G.  Y.  Wisuer  in  1880.    Its  length  is  3,255.07  meters. 

3.  The* line  Dryer-Insane  Asylum,  at  Saint  Louis.  This  line  was  furnished  by  the 
office  of  the  Coast  and  Geodetic  Survey.  It  depends  for  length  and  azimuth  upon  the 
Aaeriean  Bottom  base,  opposite  Saint  Louis,  and  for  geodetic  eo-ordiuates  of  its  ex- 
tremities, on  the  Saint  Louis  astronomical  post.  It  is  in  the  fifth  triangle  from  the 
biae.    Its  length  is  13,331.3  meters. 

i  A  teoonoary  base  near  Grafton,  measured  by  Assistant  Wisncr  in  1881.     The 
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azimath  of  » line  near  this  base  -was  detennined,  but  not  with  sniBoieat  aeomMi 
be  naed,  except  as  a  check.    The  length  of  the  base  is  2,031.61  meteia. 

5.  A  seconaary  base  at  '*^A>aiBiana.  The  length  and  aaimnth  of  this  base  iren 
termined  by  Assistant  Wisner  in  1881.  The  base  was  o<mneeted  with  the  LoiiU 
astronomical  post.  For  description  of  this  post,  see  Report  of  Chief  of  Enginesn 
1879,  page  1918.    The  base  is  2,705.10  meters  in  length. 

6.  A  secoDdary  base  at  Keokak.  measored  by  Assistant  Wisner  in  1881.  The ; 
mnth  of  base  was  determined  by  Assistant  John  Eisenmann  in  same  year.  Its  loi 
is  1,297.38  meters. 

A  base  was  also  measored,  with  steel  tape,  at  Cape  Lacroiz,  but  was  nsed  0111I3 
acheclc 

in. — ^The  following  instruments  were  used : 

Repsold  nniversal  instmment  No.  1.  Diameter  of  horicontal  Umb  10  inches.*  LI 
graduated  to  4  minutes,  reads  by  two  microscopes  to  2  seconds.  Anglos  measuroc 
order  around  the  station,  positive  and  negative,  direct  and  reversed.  Elsht  seta  w 
taken  uniformly  distributed  over  the  limb,  giving  16  pointings  at  each  mtion. 

Troughton  Sl  Simms  No.  1.  Diameter  of  horizontal  limb,  10  inches.  Limb  gx 
uated  to  5  minutes,  reading  by  two  microscopes  to  one  second.  Programme  same 
for  Repsold. 

Trouffhton  &  Simms  No.  2  (of  the  MissiBsippi  River  Commission).  Same  as  TroQj 
ton  A,  Simms  No.  1.    Programme  same  as  for  Repsold. 

Troughton  A,  Simms  No.  2  (of  the  Lake  Survey).  Diameter  of  horizontal  limb^ 
inches.  Limb  graduated  to  5  minutes  reading,  by  two  microscopes  to  one  aeeai 
Programme  same  as  for  Repsold. 

None  of  the  instruments  closed  the  horizon.  The  limit  of  closure  of  triangles  ws 
seconds.  The  instruments  were  mounted  on  tripods  of  rough  timber,  which  were  1 
standing.  The  observer  stood  on  a  platform  disconnected  from  tlie  instrument  n 
port. 

The  stations  were  marked  by  stones  3  feet  in  leneth,  dressed  to  6  by  6  inches  at  c 
end,  the  balance  rough.  A  small  hole  was  drilled  in  the  top.  They  were  plaai 
vertically,  the  top  jprojecting  but  a  few  inches  above  ground. 

The  targets  used  in  the  tnaujzulation  from  Cairo  to  Grafton  were  octagonal  po 
covered  with  alternate  zones  of  black  and  whit«  cloth.  A  nail  in  the  bottom  was  1 
in  the  hole  in  the  top  of  the  marking  stone,  and  the  target  was  then  plumbed.  Wh 
the  station  was  occupied  the  target  was  removed  and  reset  before  leaving. 

For  the  greater  part  of  the  stretch  from  Grafton  to  Keokuk  the  target  used  oc 
sisted  of  four  parallel  wires  fastened  at  bottom  to  a  circular  block  by  a  wire  ring,  m 
fastened  above  by  three  other  horizontal  wire  rings,  which,  with  the  block  at  botto 
divided  the  target  into  three  sections.  Strips  of  white  cloth  were  fastened  to  opi 
site  wires  of  the  first  and  third  sections,  one  strip  to  each  section,  and  at  right  angl 
to  each  other.  A  strip  of  black  cloth  was  fastened  at  au  angle  with  the  wnite  stri 
to  two  auxiliary  wires  attached  to  the  second  and  third  rings. 

This  target  gave  no  phase,  and  presented  an  illamiuated  surface  whether  the  si 
was  before  or  behind  it.  To  suppoit  the  target  a  cross-piece  was  fastened  to  the  t 
of  the  platform  which  supported  the  observer,  and  above  the  observer's  head.  A  he 
in  the  cross-piece  was  centered  over  the  hole  in  the  marking  stone.  A  nail  projectii 
from  the  block  at  bottom  of  target  was  placed  in  this  hole,  and  the  target  was  Ui< 
plumbed  and  guyed  to  the  corners  of  the  platform.  The  target  was  not  disturbs 
when  the  station  was  occupied. 

IV. — For  the  preliminary  reduction  single  triangles  were  adjasted  to  closure  (qua 
rilaterals  and  pentagons  were  adjusted  to  satisfy  local  conditions),  side  and  azimut 
equations  being  neglected.  The  lengths  and  azimuths  of  sides  were  then  compute 
for  tiie  stretches  given  below.    The  discrepancies  were: 


From— 


Cairo 

Chester  — 
Saint  Louis 
Grafton.... 
Loniiiana.. 


To— 


Chester.... 
Saint  Lonis 

Grafton 

Louisiana.. 
Keokuk  ... 


KDmber 

of 
triangles. 


39 
23 
85 
22 
25 


Discrepancies. 


In  length. 


I:  6,000 
1  :  100. 000 
1:  80,000 
1:  13,000 
1:  25,000 


luasimnth 


Obt.— eomp 

+21. 
+  ». 


t-10. 

+  4. 


*  Erroneously  stated  as  12  inches  in  prerioos  reports, 
t  Saint  Louis  to  Lonisiaoa. 
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The  final  redaetion  was  made  separately  for  eaoh  of  the  five  stretches  into  which 
e  work  was  divided  by  the  six  known  lines  before  enamerated.  It  consisted  of  a 
ast  aqoare  a^oatment,  in  which  the  observed  lengths  and  azimnths  of  bases  were 
■omed  as  comet,  and  all  aosles  were  given  eqnal  weight. 

The  oonditions  to  be  satisfied  by  the  finally  adjusted  angles  were  that  all  triangles 
boold  dose,  and  that  the  computed  lengths  and  azimuths  of  bases  should  agree  with 
beir  meaeared  lengths  and  azim&ths.  The  geodetic  co-ordinates  were  then  computed, 
11  latitiideB  and  longitudes  being  referred  to  the  Cairo  astronomical  post. 
The  final  discrepancies  between  the  observed  values  of  latitudes,  longitudes,  and 
lomnths  and  the  corresponding  values  as  computed  from  Cairo,  are  as  foUows : 


Latitode. 

Longitnde. 

Aclmiith. 

CkMter 

Obs.—'Cotnp. 

II 

*+6.13 

+4.77 
+1.5S 

06«.— eomp. 

Obt.—camp. 

II 

-0.12 

fwnTiOvfai 

-2.90 
-L09 

+0.17 

T     _  "    ■ 

+0.04 

i«tai¥...i.*.!...'.'.'!'!! ""."."].".'.." .'...II.' 

—0.02 

*  Latitude  at  Chester  only  approximate. 

A  ^leeial  report  on  the  least  square  adjustment  of  the  stretch  from  Cairo  to  Grafton, 
vepured  by  Assistant  G.  T.  Wianer,  who  made  the  computation,  may  be  found  in  the 
leport  of  the  Mississippi  Biver  Commiasion  for  18B2,  page  62. 

TaJmlaied  retults  of  secondary  triangulaiionfrom  Cairo  to  Keokuk, 


fftitiffiif 


1  Soath 
MfwthBaM. 
1  Bowk* 


1  SorthBase. 

SiBoviM 

4  T»yk>r 


4  Ttylor. 

I   Dickey. 


4  I  Tijlor . 
8  Dickey. 
7   BovM  . 


C  Dickey. 
T  BovM  . 
i ,  Momy 


T   Sovie 

*    Mamy 

t   MiMoariSiater. 


i 


¥ximy 

Mi^aoari  Sister. 
SpicM'sMill  ... 


H 
U 


^ieMAMiU 
Snulder. 


I?    Spiw-sMiU... 

11  ^didder 

12  Promised  Land. 


Obaenred 
anglea. 


A^Jnst'd 
angl< 


Off 

108  19  51.  SB 

88  25  19. 24 

33  14  50.76 

0L58 

71  57  02.60 

68  18  08. 10 

39  44  55.05 

05.75 


IBowiM 26  03  27.60 

♦   T«tor 69  0127.70 

(  2iifflbas 84  55  0a64 

03.94 


•   ITuMnri  Swter 57  55  51. 09 


89  57  49. 24 

52  40  08. 50 

37  21  59. 04 

56.78 

37  20  03.76 

63  15  12.28 

79  24  49. 15 

05.19 

84  45  43.33 
61  10  «?.  57 
33  57  20i  12 

59.02 

33  24  07. 12 

66  09  12. 54 

60  26  40. 00 

59.66 

85  17  40. 47 
116  21  33.  05 

28  20  44.  54 
58.06 


68  25  11.05 

63  38  52. 82 

54.96 

58  17  21. 17 

91  36  10.07 

80  06  33.02 

04.26 


Distance. 


II 

50.75 
19.71 
49.55 
00.01 

01.33 
04.  G6 
54.04 
00.03 

24  93 
25.54 
09.55 
00.02 

49.62 
09.45 
60.04 
00.01 

01.30 
11.24 
47.47 
00.01 

43.71 
55.08 
21. 22 
00.01 

06.37 
13.43 
40.21 
00.01 

40.71 
33.02 
46.27 
00.00 

52.17 
13.33 
54.51 
00.01 


Meters. 
1,646.78 
2, 851. 28 
1,866.65 


2,851.28 
4,239.74 
4, 143. 21 


4, 239. 74 
1, 869. 71 
3, 974. 38 


1, 869. 71 
3, 080.  67 
2, 449. 59 


2,449.59 
1,511.30 
2, 225. 37 


1,  511. 30 

2,  694. 42 
2, 372. 91 


2,694.42 
1. 705. 18 
3, 090. 50 


1,705.18 
2. 075. 03 
3,  217.  98 


2,  075.  03 
2, 183. 28 
2, 395. 83 


20. 01  2, 183. 28 
08. 19  3, 702. 50 
31. 82  I  4, 350. 55 
00.02  I 


Azimuth. 


O       t         II 

172  32  07. 19 

30  57  21. 69 

244  11  85. 51 


30  57  21. 09 
142  38  41. 30 
282  52  44.  50 


142  38  41.30 
253  30  13. 06 
348  41  47. 25 


253  36  13.  06 
126  17  06. 25 
343  38  06. 61 


163  38  23. 44 

46  53  17. 85 

306  17  38.40 


46  53  17. 85 
165  35  55.  85 
311  38  1&  28 


165  35  55. 85 

71  44  52. 92 

312  10  53.  UO 


71  44  52.  92 
135  22  40.  37 


Latittide. 


o   /   '/ 

37  01  28. 97 
37  02  21. 94 
37  01  02.61 


37  02  51. 93 


Longitade. 


o  /  // 

89  11  23. 19 
89  11  31.84 
89  12  31. 18 


37  03  09. 04 


37  04  08. 17 


37  03  34. 67 


89  14  15. 28 


89  13  02. 69 


89  14  43. 21 


89  15  27. 87 


37  04  59. 32 


89  15  55. 00 


37  04  41.  99  I  89  17  00. 56 


287  01  18.  52 

37  05  29. 90 

89  17  59. 58 

135  22  40  37 

23  47  18.12 

257  25  51. 13 

37  04  25.  09 

89  18  85.23 

23  47  18.12 

112  10  4a  43 

262  02  52. 91 

37  05  10.41 

89  20  54. 05 
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TakmUUd  rmrniia  of  deeomdary  triangnlaiion  fnm.  Cairo  to  fooA'uX;— Coutitinctl. 


Latitade.     I  Longitado. 


»    i^«xtn*i 

S  iHonl 


SI  iSixbB'i.... 

5  :rbni 

«  iCievCnek 


5    Ftonl 

a    rieirCKek. 
a    BaffUke.. 


3   CJwTCreek , 

9    UiffUke 

k    XycauB  Springs 

9   BhJLake , 

S    Keh !7.Tr.. 


R3  07  ]9.n 

86  04  18.03 
10  48  24.28  I 

02.02  ' 

I 

46  56  12. 01  , 

65  08  M.  01 

67  54  66.38  ' 

Oa.00  I 

46  41  44. 33 
85  52  55.53 

87  25  22.20 

02.00 

45  36  20.92 
85  49  161 72 
48  34  15. 11 

58.75 

38  58  55.32 

88  10  21.60 
51  50  30.49 

5a  50 

42  46  3«L39 

82  26  5a  37 

54  46  22.85 

57. 11 


a    Krh I    49  40  11.50 

3!    UiioCTMk 1102  12  07.34 

a    aka '    28  07  41.20 

I  00.04 

2!    laAaCreek '  49  50  51.61 

»  :Slk» I  55  37  47.49 

^    BigModdy i  74  3125.60 

I  0470 

a    Slifa 107  18  01.20. 

«    BigMiiddv 38  22  06.60  1 

S    Foofitain  blafT '    34  19  60.18  I 

Ga07  I 

I 

M    K-Mnddv 35  09  37.54' 

S    Fouata.n  iilnff 65  21  15.42  | 

»    Svallov  Itock 79  29  03.67  1 

56.63 

^    rwntain  Rlnff 75  43  59. 24 

-*     .*=  wallow  Lock 54  17  47.80 

S^     Wortbcn 49  58  11.70 

58.74 


>    Horcasm  Springs  . . 

»    Bfcfc.. 

a   IidiinCreek 


->     Fwiutaln  Bluff ,    83 

ST   ;  Worthcn 65 

i<      Bickhmt; 30 


r 

2» 


40 


41 


"^ortheu I    29 

Backbone i    69 

OHarrth '    80 


11  18. 

49  39. 

59  00. 

58 

46  57. 

23  07. 

40  57. 

02. 


03 
68 
62 
33 

20 
65 
19 
04 


JWkb-mo 1  72  28  40.17 

OH^rrah '  68  89  68.40 

Kfflion i  88  5111.69 

I  5a26 

OHarwh '  87  54  52.30 

KiDion I  49  42  14.13 

Man^keai 1  92  22  45.92 

52.35 


I 


»     KOlion.... 

*1    ,  Manftkear. 
41'  '  " 


Lower  Dase 


36  32  10. 16  I 
60  19  06.  OS  ! 
93  08  39. 10 
55.43 


2Irter». 
ia71  i  2,070.61 
14.  €8  'lU,f*03.46 
26.66  ll^OiaOS 
00.05  I 

10.74  Il0.063.46 
52. 96  !  8, 644. 05 
56. 5i  10,735.88 
00.22 


42.04 
65.47 
2L82 
00.23 

2&69 
17.85 
15.72 
00.26 


!  8,644.05 
ilO.351.34 
!l4. 149. 53 


10.351.34 
!  9, 865. 18 
.13,769.21 


56.36  I  9.865.18 
22.39  !  7,892.25 
41.45  •12.5f4.P8 
00.20  j 

36. 66  !  7, 892. 25 


6a  05 
23.42 
00.13 

11.31 

oaoi 

42.25 
00.17 

50.11 
45.46 
24.62 
00.19 

01.48 
07.74 
50.97 
00  19 


6,661.56 
9, 677. 75 


6,561.56 
10, 609. 97 
13,003.45 


10,609.97 
8,414.61 
9,086.99 


8.414.61 

14. 245. 30 

0,261  35 


260  04  41.47 
166  09  46. 26 
356  57  08.36 


106  09  4C.  26 

280  59  4K.  75 

33  v%  21. 30 


280  69  48. 75 

196  53  VA.  28 

54  22  49. 55 


196  TAi  13. 28 
102  46  45. 58 
331  17  03. 42 


// 


38.60  14,245.30 
1&20  I  8.343.58 
05.47  13,168.78 
00.27 


59.09 
4^24 
12.85 
CO.  18 

17.47 
4a  26 
02.  e2 
00.35 

57.79 

oa55 

5a  01 
00.35 

47.92 
60.42 
11.92 
00.26 

52.90 
18.68 
48.63 
00.20 

14.62 
05.64 
30.82 
00.08 


102  40  45.58 

103  32  25. 31 
321  42  29. 04 


193  32  25. 31 

90  00  11.14 

330  43  52. 75 


96  00  11. 14 
173  45  22. 72 
325  37  11. 79 


173  45  22. 72 

298  07  Oa  68 

43  38  4a  47 


298  07  oa  58 

156  32  2a  83 

10  49  50.45 


156  32  2a  83 

271  08  43. 28 

11  43  05.09 


8, 343. 58     271  08  43. 28 


la  5fia  40 
8,  848  50 


145  29  5a  70 
15  25  42. 90 


8, 84a  50  105  24  44. 19 
17,06a  99  81  15  23.25 
15, 681. 23     292  07  23.  96 


17.  066. 99 

8, 587. 07 

10, 18a  86 


81  15  23. 25 
191  45  14.79 
290  56  02. 60 


587. 07 
053. 34 


191  45  14.79 
80  25  6a  04 


P. 
!13. 

112, 750. 39  299  11  4a  38 


13. 

!  P. 
I  9, 


8. 

a 


I 
053.34  ' 
028.04  I 
902.43  I 


80  25  50. 04 
210  38  17.88 
298  17  11. 91 


I 


I 


02a  04  I  210  33  17.88 
780. 68  i  340  20  54. 90 
187.72  1    67  12  55.46 

I 


37  20  50. 38 


37  19  5a  75 


80  28  29. 53 


89  92  44. 64 


37  25  17. 94 


89  20  42.20 


37  26  2a54       89  27  13.57 


37  30  37. 42 


37  30  50.60 


37  36  41. 72 


37  34  32.97 


37  41  36. 77 


37  41  31. 23 


I    37  46  13. 45 


89  25  5a  33 


89  80  24.06 


89  81  11.11 


80  26  oa  67 


89  80  00. 16 


89  24  la  67 


89  28  24. 07 


37  44  4a  74 


37  49  21. 42 


37  48  la  73 


89  39  53.09 


89  38  41. 67 


89  47  27. 73 


87  51  54.74  I    89  44  4a  85 


37  49  2a  52  I    89  43  34. 53 


I 
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,  IT.  8.  ABMT. 
3  Cain  to  J&ol-uJt— Continued. 


ITo. 

Btathnu. 

Obnned 

^S' 

DMwioe. 

Adnnilli. 

LUit^o. 

Lraflt 

>1  t148.n 
0S41S&H 

8iwrr.t8 

(0.38 

40  08  30.00 

H»)8a40 

46  8108.n 

Ot.10 

48  41  SB.  GB 

»  40  ST.  41 

114  30  IB-oe 

85  GO  la  80 

GC.9S 

78  01  BL  88 

48  40  41.14 

01.05 

G0  43SOl88 

83  48  83.70 
46  18  5L  84 

80  27  33.78 
18  83  03.31 
68H88.04 

44  40  SOL  B2 

78  10  00.22 

67: 04 
112  52  41.02 

67  09  09.98 
50  34  08.03 

50  20  42.32 

.1.28 

58  41  00.00 

40  02  38.60 
.1.20 

43  OO  37. 90 

05  10  59.21 
03  69  112.25 

51  4102.10 

03.02 

ills 

05:75 
03  14  nioo 

00.50 

41.20 
80.41 
Ift88 
00.U 

i&as 

Is 
ss 

4S.M 
00.17 

ss 

12.06 
00.80 

Is 

00.10 

81.  B2 
85.43 

G1.8S 
00.23 

JLGO 
01.78 

ss 

00.U 

00.85 
30.97 

ia40 

00.11 
09.40 

00.01 

4L73 
00.14 

08.70 

89.00 
OOIO 

87.65 

is 

58.27 
00.09 

00.10 

U,318Le» 

11.219  89 
10.031.77 
ia.846.01 

t&s 

l^all.5e 

11,101.40 

lii 

H  817. 47 

8,157.98 
0.244.01 

1.1S8.H 

8,023.28 

0,023.33 
7,034.10 
13,130.04 

7,034.70 

^442.83 
1,030.06 

8,442.63 
10,048.12 

9,550.04 

lOieiei 

7,037.8a 
0!  013;  07 

247  ID  StW 

■SS!!:!! 

110  88  17.88 

126  00  30.07 
850  3108.03 

170  39  48.56 

801  48  aa 00 

64  37  10.35 

180  IS  12.38 
S74  30  16.81 

18aUlS.39 
381  06  87.  Oa 

283  00  87.00 

'IS  as 

181  34  06.18 

811  58  1&  07 

16  01  15.38 

200  4184.48 
388  48  15.70 

200  47  34.48 
IB  06  lft41 
807  36  09.04 

127  18  37.83 
194  83  37.04 
342  62  11.14 

307  2146:18 

70  68  25,53 
300  30  0«:  82 

178  38  BL  10 
315B*4flL3l 

g»28  4L05 
107  28  23.35 
325  40  81. 12 

107  26  29. 36 
100  43  38.08 

100  43  3&  08 

812  42  18:24 

c     ,        „ 

37  60  40.41 

31  64  OR  86 

81  61  6ft  08 

87  64  48.48 

3167  48143 

33  01  30.(8 

38  00  20.00 

88  03  36.86 

SllS^iiiv:;:::;:: 

38  00  42.'zt 

38  05  12.82 

g^rt'SV,"!'^.::::;::: 

38  10  22.40 

38  09  89.18 

■8.14  24.24 

U 

!tJ!  "■•"■» 

43,04     8,089.44 
00.03     8,000.98 
17.00     S:  11a  64 

00.10 

38  16  16. 55 

00  22  11, 

38  18  86.65 
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ftMfM  rmuU$  qf  teeomdan/  iriawgulaium  frcm  Cairo  to  Keokuk — Continned. 


la 

Slatiaak 

Obanred 

ancles. 

angles. 

1 
Difttaoce. 

Aximoth. 

Latitude. 

Longitude. 

B   BnntboMBB  .••••«. 

Of" 

47  20  lan 

6:f  21  S2. 64 

70  15  09. 91 

5a  78 

61  00  22L  41 
81  19  4a  20 

87  39  4a  04 

6a  55 

SO  86  4a  72 
43  n  ia78 
06  49  6U.  52 

oao2 

50  52  4a  93 

78  36  8a82 

50  30  4a  56 

oasi 

41  07  5L  06 
90  22  10  02 

48  29  47. 63 

5a  31 

83  55  5a  62 

57  48  55. 88 

88  15  02.10 

5a  00 

49  12  4a  46 

79  24  4^99 
61  22  2a  24 

5a  69 

51  05  01.70 
00  46  60. 43 
38  07  58.  81 

00.01 

W  03  52. 01 

49  47  0  .  37 

46  08  .'iC.  ( 0 

5..  04 

58  <4  17.72 
31  20  4'*  to 
feO  4.'»  57.  C 

00.34 

71  47  17.  no 
51  12  27.ri'j 
57  00  I'J.  78 

58.33 

68  30  0!K  11 

33  08  3->.  04 

78  21  Hi.  07 

01.15 

a^  f 0  ru.  C7 

48  2"  12.  54 

96  21  fiO.  fiO 

00.77 

71  34  a'l.  54 

38  11  5-,.  30 

68  13  21.1(8 

53.82 

Xt  07  51.71 

107  .''>8  3.').  08 

38  5J  31.00 

50.38 

40  00  31. 22 
88  23  21.  <1 
61  29  50  80 
6a  39 

ia48 

Mefen. 
.  H.  rXO.  08 

O    1      n 

224  53  so  27 
107  21  0.".  83 
357  83  3a  93 

107  21  0a83 
2U5  58  32. 28 
348  20  8a86 

168  21  8a42 

804  47  22. 13 

27  50  5a50 

304  47  22. 13 

203  26  21. 14 

73  68  la  61 

203  26  71. 14 
113  40  at.  82 
342  17  la  12 

113  40  ar  82 

236  58  31.70 
17  47  01. 09 

197  45  54.  as 

97  11  4a  97 

328  30  4a  61 

07  11  4a  97 
180  21  iao9 
328  13  50. 30 

148  16  50.83 

278  20  41.  11 

52  25  32.  25 

278  20  41.11 

i:iii  (4  14.84 

30  45  01. 02 

130  04  14.84 

251  40  3").  ^3 

21  53  5J.  8U 

1TA  40  n.1  Pn 

O     '        /' 

O      1         H 

H   teUBinfl 

Sa  50  1  a  77:1  94 

Silpk  V  Spiriiifs 

hhRiitr 

10.  i.-> 
oai3 

24.59 

a  164. 13 

a77ao4 

38  19  41.09 

90  22  8L  84 

a 

SalpkvSpriBCB 

61.  £0  1  li.C97.15 
44.07   10,9».i>9 

oaio 

4a  92   lO.OT'aSO 

38  24  2a  78 

90  19  8a79 

hhnMr 

MfrMif . , 

14.73 
69.49 

oau 

4a  67 
81.15 
4a  30 

oai2 

61.46 
2l».02 
48.03 

oaii 

60.73 

&a30 

03.01 

oai3 

4a  76 
47.^8 
2a  53 
00.17 

01.86 

50  00 

58.37 
00. 22 

51  73 
(0.  1»  , 
57.  fw 

Oj.47 
17  70 

7,037.06 
7,60a82 

7,037.06 
7,074.^9 
^933.68 

7,074.80 
a  213  05 

9, 44a  a: 
a2ia95 

9.98U.8U 
a494.C9 

a  494. 69 

8. 232. 67 

10. 68a  27 

a212.67 
10.  :J73  fi8 
13, 331. 28 

1.1, 331.  r8 
18,  a  7  10 
1»,  l.a73 

18.  387. 10 

Vtfu  . 

88  22  ia48 

90  15  3a  60 

VfmMc... 

Btm J 

Ganenhimer 

Bacn 

88  25  4a  98 

90  13  4^67 

'  GnB«i^rkhiin«v 

a  TviiHoIkiw 

S  GoammhiiBcr 

38  27  0a35 

90  17  37.08 

11    TvinHidlaw  .. 

Drytr 

88  30  Oa  33 

90  11  61 71 

1 

1 

GvnBtnhiiDer ..... 
DfTfr 

F«cda 

8^80  39.64 

90  17  82.83 

Drtfr --- 

0'F«id»r .- 

M.  IiHmeAsjlum 

C   Drrrr 

38  36  la  99 

90  16  4a  37 

•*   I'fun- AMlnm 

G   ILrL.^oaiid 

M   iDvane  Affvlnm 

38  34  45.75 

90  04*13.97 

0   ClarL'n  ilonml 

45.03    l."..7i7.51  1 

38*40  la  59 

•   SuiHlPipe 

1 

«   riark'nMonnd 

57.  C.'» 
00.38 

18.51 
28.44  1 
n  00 
tOG5 

CS  15 

o.ooaiG 

^.^717.5l 
17,8.»I.4H 
14,  too.  50 

17. 801.  4«< 

90  12  31.61 

IS 

i 

«' 
€7 

) 
1 

•8 

?!  .ma  IMtk-   

Su^^Loaf 

ScandPipe 

38  42  oa  33 

90  00  2a  91 

5a:'ar  Loaf 

EobiuAOD 

30  M  ' ir>. Oil.  19    i VI  02  4 1. :m 

15  46 

00. 42 

57.38 

0,9.  J.  31        10  17  i:{  .'•.ft 

38  45  30  68 

90  11  laio 

StSttlPine 

0. 037. 31 

19«)  16  ?7.C8 

321  40  01.23 

45  28  43.  07 

321  40  01.  23 

1&»  02  :iO.  08 

68  15  56. 04 

248  14  21.20 
170  14  32.  b5 

35  07  5a  19 

170  14  32.  a'> 
207  51  01.31 

36  22  IL  14 

•     KoltiDiioxr 

12.  :{0     5.  758. 84 
50.  37     7-  4hJ.  '2i» 

• 

m 
:i 

:i 

1 

SooctUe 

38  43  oa  85 

00  08  50.74 

RobioMQ. 

So«btlir     

PeiunsUl 

Robinsm 

0i>.  11 

3fi.97 
5.-1  03 

2a4:» 

00.  Oo 

51.80 
3at21 
32.  02 
00.03 

32-08 

5. 75a  84 
5. 048  33 
3. 834.  IN) 

3. 834.  00 
tf,  •i.»8. .» 1 
5, 800. 73 

n  r.:w.  ai 

38  46  10  76 

9008  50.*  56 

I*«-ttiii2ill 

Terr.fpta 

38  48  04. 79 

90  08  59. 63 

Pettm'ill    

Trnapin  

Moon. 

2a  80     2. 748  00 
01.48  ,  4,20a02 

oao2  1 

38  48  oa  12 

90  07  oa  8*i 

5908  EN 154 


2450      BEPOKT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ABMTm 
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Na 


71 
72 
73 


72 
73 
74 


78 
74 
75 


74 
75 
76 


75 
70 

77 


75 
77 
78 


77 
78 
79 


78 
79 
80 


79 
80 
81 


80 
81 
82 


80 
82 
83 


82 
83 
84 


82 
84 
85 


84 
85 
86 


85 
86 
87 


86 
87 
iB8 


Stations. 


Terrapin 

Moore 

Mitfsonri  Biver 

Moore 

Mietaoari  River 
Gillan 

Missonri  Biver 

Gillan 

Stiirley 

Gillan 

Shirley 

Gesler 

Shirley 

Gesler 

Bingering 

Shirley 

Bingering 

Freeman 

Bingering 

Freeman 

Bussell 

Freeman 

Bnssell 

Glassworks.. 

Bnssell 

Glass  Works . . . 
Watkins 

Gla«s  Works.. 

Watkins 

Strong 

Glass  Works . . 

Strong 

Alton 

Strong 

Alton 

Saw  Mill 

Strong 

SawMUl 

Nicholson , 

Saw  Mill 

l^icholson 

Hop  Hollow — 

Nicholson 

Hop  Hollow... 
Woper 

Hop  Hollow... 

Weper 

Hnfl 


Observed 
angles. 


A^Jnst'd 
angles. 


O     I         tt 

80  24  68.64 

45  18  14. 17 
104  16  47. 54 

00.35 

63  29  87.60 

86  14  42. 46 

80  15  42. 05 

02.11 

87  82  88.94 
104  29  09.28 

87  58  11.71 
69.88 

82  00  67. 88 

65  84  18. 65 
82  24  41.55 

5a  08 

111  01  06.72 

36  48  03. 92 

82  10  47. 67 

58.81 

87  04  16. 14 

111  41  31.95 

81  14  09. 82 

57.41 

58  13  15. 31 

72  01  60.25 

49  44  45.76 

0L32 

48  05  80. 53 

97  14  5a68 

84  89  84.78 

03.99 

87  16  43. 81 

82  10  49. 50 

60  32  27. 70 

01.01 

72  15  44. 93 

61  22  25  50 

46  21  4&  51 

59.03 

30  10  34. 97 

66  47  5U.  15 

83  01  31.69 

50.81 

84  06  46. 40 

112  32  09.  62 
33  21  04. 85 

00.87 

29  31  16.35 
111  25  50. 62 

30  02  52. 32 

59.29 

86  89  16. 09 

100  17  57. 97 

43  02  46. 33 

00.30 

63  11  33. 17 

80  17  47.  36 

86  30  38.  33 

58.86 

47  86  04. 34 
56  43  03. 61 
75  40  58. 03 

05.98 


n 

5a  44 
1411 
47.46 
00.01 

86i82 
41.78 
41.46 

oaoi 

8a88 
09.27 
11.87 

oao2 

6a48 
19.84 
42.24 

oaoi 

07.26 
04.61 
48.14 
00.01 

1&88 
82.49 
10.69 
00.01 

14.81 
59.82 
46.38 
00.01 

29.11 
57.34 
3a56 
00.01 

43.39 
49.18 
27.44 
00.01 

45.25 
25.85 
4&91 
00.01 

35.94 
51.25 
32.82 
00.01 

44.83 
09.18 
05.99 
00.00 

15.08 
52.13 
52.  80 
00.01 

15.86 
57.84 
46.30 
00.00 

33.85 
47.02 
39.14 
00.01 

01.50 
03.06 
55.44 
00.00 


Distance. 


Jfetert. 
2, 74a  09 
1,435.66 
2,016.76 


1.435.66 
2,549.86 
2.842.70 


2, 549. 86 
2, 525. 02 
4,  OIL  91 


2.525.02 
1.850.49 
2,819.29 


1,850.49 
2,867.02 
1, 519. 01 


1, 519. 01 
1,765.77 
2,721.80 


1,765.77 
1,966.88 
2,200.86 


1,96a  88 
2, 573. 85 
8,430.84 


2, 573. 85 
1,790.45 
2, 92a  55 


1,  790. 45 

2,  356. 31 
2, 171. 51 


2, 171.  51 
1,  099.  09 
2, 010. 75 


1.  099.  69 
1,121.77 
1,  847. 50 


1,847.50 
1,445.05 
2, 729.  91 


1, 445.  05 
1,263.83 
2, 082.  90 


1,263.83 
1, 895  88 
2, 093. 78 


1,  895. 88 
1,444.92 
1.635.72 


Aaimnth. 


// 


267  51  01. 81 

133  10  2a 73 

57  26  4a  99 


183  10  2a  73 

226  55  17. 81 

16  40  24.74 


226  55  17. 81 

151  25  15.47 

9  22  55.92 


151  25  ia47 

265  50  24. 72 

8  26  17.52 


265  50  24.72 
122  39  04. 36 
834  49  00. 65 


154  49  17.46 

86  30  33. 14 

297  43  57. 97 


86  80  8a  14 
194  27  47.46 
324  48  14. 86 


194  27  47. 46 
111  42  57. 58 
826  21  2a  88 


111  42  57.58 

13  52  44.50 

254  25  OQ.  76 


13  52  44. 50 
132  30  07.46 
266  07  33. 32 


86  08  29. 75 
199  19  42.07 
296  18  ia73 


199  19  42. 07 
131  52  00.73 
345  12  44. 95 


165  12  57.  24 

90  38  37.  08 

315  40  52.  48 


96  38  37. 08 
176  20  01.84 
313  17  13. 43 


176  20  01.  84 

76  37  46.  75 

293  07  37.  81 


Lattice. 


76  37  46.  75 
199  53  55.  61 
304  13  12. 99 


// 


38  48  89.97 


88  49  3a  43 


38  50  4a  33 


88  50  5L  51 


88  51  82. 91 


38  51  29.42 


88  52  8L 18 


88  58  02.06 


38  52  05. 69 


38  52  57. 31 


38  53  30. 96 


38  53  55. 24 


38  54  00.  65 


38  54  41. 55 


38  54  27. 33 


38  55  11.39 


m 


90 


90 


90 


90 


90 


90 


90 


90 
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17 


SUtiona. 


Obeerved 

angles. 


wepcr.. 
HdT..., 
fiarwise. 


ffl 


HuU .... 
fiftnriae. 
Rdhl.... 


S9    BanriM 

»    Rdhl 

SI  I  Eagie's  Xest 

WlEtthl 

il  I  Eft^le'a  N««t 
«!Ed»ele 


tli£ad«'sXe«t 

elEebele   

t)!  I'tmage 


a ;  Erhe'e . 
8  PorUye 
«   Surr... 


B  Portaee 
K  Pogrie  . 


I 


o    /      " 

86  46  58.95 

62  29  U.  24 

80  43  49. 01 

67.20 

35  00  16.85 

102  36  47  39 
42  23  03.00 

07.24 

41  11  36.23 
105  46  02  28 

33  02  23. 04 
01.55 

37  59  22.39 

103  II  27.69 

38  49  08. 25 

58.33 

50  51  30. 83 

73  11  21. 10 

55  57  13. 01 

04.94 

39  45  07. 65 
97  54  14.82 

42  20  38. 94 

01.41 

85  44  45  08 

52  21  28. 20 

41  53  44.  83 

58.11 


M  Starr 48  06  02.76 

K  Poorie I    584822.80 

«  Eiah I    730035.04 

00.  GO 


>"'  Poorie 80  14  53.69 

■  Eifcih      !  CHJ  17  00.  09  I 

*•   i:i»tB»se '  332802.76! 

56.54  i 

«  EL«h 27  29  05.73  1 

'^'   I*>tBa*© I  111  LM  34.13 

*•  Graftoa 41  09  18. 15 

I  saoi 


Aboard 
aoglea. 


^  Gnftou  . . . 


^  GrwftoD 

™  lUvermoulh. 


»  WoitBase.... 
«[  EiriTTuouth . . . 
W  Point  Landm*: 


j*   Eiv(TiDoiith . . . 
i*i   Pomt  Landing 

I 

I 

jJJ  i  Pobt  Landing 
W   Calhoun ....... 


W2  Thnmpaon 
W3  <:aIhoanT7. 
JWiDtoeue.... 


I 


82  11  48.38 

30  32  38.*«3 

67  15  33.  10 

5U.81 

93  13  0\  97 

41  18  y8.20 

45  28  1 1. 35 

58.58 

C7  19  11.20 

68  37  51.  04 
44  02  58. 92 

OLIG 

75  30  15.96 

31  55  21.75 
72  34  22. 54 

00.25 

63  56  41. 36 

34  59  37.  55 

81  03  39. 90 

58.81 

63  31  32. 71 

60  15  45.  OG 

56  12  43. 34 

01.11 


DlstaBoe. 


57.84 
12.13 
50.04 
00.01 

14.33 
45.00 
00.60 
00.02 

85.61 
01.76 
22.65 
00.02 

22.85 
2a  26 
08.91 
00.02 

29.13 
19.46 
1L43 
00.02 

07.09 
14.35 
3&58 
00.02 

45.82 
27.  »7 
46.23 
00.02 

02.90 
22.63 
34.69 

00.02 

54.  81 
01.21  j 
04.02  ! 
00.04  I 

4 

06.27  i 
34.83 
18.i»5 
00.05 

48.09 
37. 01 
34.32 
00.  02 

06.27 
30.  24 
14.  5;i 
00.04 

11.22 
49.77  ! 
59.11  I 
00. 10  I 

I 
l.'5.48  I 

22.37 
00.07  I 
I 
41.85  , 
37.49 
40.73  j 
00.07 

31.48 
45.  77 
42.86 
00.  n ) 


Meter*. 
1,444.92 
2, 823. 16 
2. 507. 82 


2, 823. 16 
2.402.44 
4,087.04 


2,402.44 
2,902.04 
4,240.58 


2,902.04 
2. 849. 52 
4,507.30 


2, 849. 52 
2,667.27 
3,292.06 


2,667.27 
2, 632. 17 
3,922.21 


2,532.17 
3,78L47 
3,002.69 


3,781.47 
2, 941. 78 
3,380.88 


2.  Wl.  78 
5. 257.  37 


Azimnth. 


// 


199  53  55. 61 

82  23  20. 66 

293  05  57. 63 


82  23  20.66 
U9  45  22.  n9 
297  22  00. 21 


169  45  22. 69 

85  31  02.66 

298  32  09. 82 


85  81  02. 66 

8  41  15. 43 

227  30  13. 12 


8  41  15. 43 
115  29  44. 75 
239  31  30. 65 


115  29  44.75 
197  34  27. 63 
335  14  08. 99 


197  34  27.63  , 
69  56  15.  54 
291  48  29. 10 


69  66  15.54 
191  06  20. 33 
298  01  00.  53 


Ifll  06  20.  33 
77  23  30.  33 


Latitude. 


o     /      // 


38  54  59. 25 


Longitude. 


o     /      // 


90  16  05.50 


38  66  12.34 


38  56  04.97 


38  54  33. 62 


38  55  10. 84 


38  56  29. 12 


4, 883. 04     290  49  20. 42 


5.  257.  37       77  23  36.  33 


38  55  47. 03 


90  16  40. 01 


90. 18  40. 13 


QO  18  5&00 


90  20  37.93 


90  20  06.18 


90  22  33.66 


38  57  20.64       90  22  10.12 


38  56  43.  38  I    90  25  43. 16 


3,  GrtO.  02  I  145  59  47.  57    j 

7, 439.  07     284  49  34. 7G  !     38  58  22. 48  ■     90  27  0&  82 


3. 686. 92  I  145  59  47.  57 
3,0<iO.(i6  i  356  31  3L32 
2,03LGl     243  47  U.Ol  I    38  50  14.28 


3,960.60  ;  356  31  31.32 
5,547.00  I  135  12  58.34 
3, 067.  Gl  I  269  43  01. 77       38  58  21.  92 


5.  547.  00 
7.  301.  Ill 
7, 429.  57 


135  12  .58.34 

23  49  06.  07 

247  50  47. 62 

00  20  58. 85 


90  29  41. 17 


38  54  43.  53       90  31  44.  55 


7,301.12       23  49  06.07    

7, 4G0.  CO  '  171  52  20.  29  , 

4, 070.  G5  !  279  17  30.  35  '     38  58  43.  32 


00  32  28. 42 


7,  469.  66  171  52  20.  29 
6,703.04  ■  2G  51  30.21 
4, 336.  42  '  287  53  5C.  85 


6, 793. 04  26  51  36.  21 
7,  316. 41  I  146  34  30. 33 
7, 097. 16  1  270  20  02. 23 


38  55  26. 78  i     90  34  35.  83 


J 


3d  58  44.  77  I    90  37  23. 26 
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No. 


103 
104 
105 


104 
105 
106 


105 
100 
107 


106 
107 
108 


106 
108 
100 


108 
100 
110 


109 
110 
111 


110 
111 
112 


111 
112 

lis 


112 
113 
114 


113 
114 
115 


114 
115 
116 


115 
116 
117 


116 
117 
118 


117 
118 
119 


117 
119 
120 


StAtiona. 


Calhonn... 
Droeee  ... 
Ketl 

Droege 

Keel 

CaliiU 

Keel 

Cahlll 

Winfield.. 

Cahill  .... 
WiDfleld  .. 
Witaon.... 

Uahill 

Wilson 

Kilham  ... 

Wilson 

Kilham  ... 
Peete 

Kilham  ... 

Peeta 

Knox 

Peeta 

Knox 

Hamburg  . 

Knox 

Hamburg  . 
Saltpeter . . 

Hamburg  . 
Saltpot4.»r-  , 
Belleview  . 

Saltpeter .. 
Belle  view  . 
ClarkHville 

Belleview  . 
ClarksviUo 
Long 

Clarksville 

Long 

Salt  ftiver. 

Long 

Salt  River. 
McLean . . . 

Salt  River. 
McLean . . . 
Inner  Baao 

Salt  River. 
Inner  Base 
Outer  Base 


'  Observed 

anglea. 


32  57  50.07 

70  02  56. 18 

76  59  14. 53 

00.78 

60  22  37.25 
68  46  81. 04 
51  50  50. 64 

58.03 

38  06  12. 66 
110  23  29. 33 

31  30  18. 81 

00.79 

88  65  44. 86 
44  26  45.67 

46  87  29. 57 

00.10 

55  10  00. 17 

80  44  14.40 

44  03  45. 06 

50.62 

109  36  25. 36 
37  30  52. 59 

32  52  44. 64 

02.59 

47  50  86. 15 

42  29  26. 50 
80  80  58.85 

01.50 

79  33  48. 23 

00  20  02. 13 

31  06  10. 62 

00.98 

31  25  42. 49 

88  55  29.  94 
59  38  48.15 

00.58 

53  01  33.  22 

89  21  55.  07 
37  30  30.  56 

58.  bo 

41  23  36. 16 

82  13  05.  78 

50  23  17.  90 

59.84 

43  38  49. 53 
100  53  4.1.  52 

35  27  27.  66 
02.  71 

40  44  26. 79 
89  57  35. 99 

43  17  .55. 19 

57.97 

46  03  22.  94 

44  24  05.  39 
89  32  28.  79 

57.12 

61  16  28.  52 
30  00  55. 61 
88  42  35.  C9 

59.82 

34  55  30. 33 

40  17  52. 28 

104  46  39. 16 

0L77 


A^Jui^t'd 
angles. 


» 

50.23 
5&10 
14.74 
00.07 

37.08 
3L87 
5L00 
00.04 

11.03 
2a  49 
19.65 
00.07 

44.82 
45.41 
30.35 
00.08 

00.16 
13.96 
45.97 
00.09 

23.72 
52. 37 
44.02 
00.11 

84  93 
26.63 
58.61 
00.17 

48.07 
01.86 
10.39 
00<32 


Distance. 


7,316.41 
4,085.86 
7, 05a  55 


4, 085. 86 
4, 862. 89 
4, 443. 20 


4.862.89 
5,742.28 
8,722.42 


5, 742. 28 
7, 898. 67 
5,53L83 


5,53L83 
6, 525. 16 
7,845.93 


a  525w  16 

11,322.03 

7.319.65 


11,322.93 
8,393.03 
7. 64a  44 


8, 393. 93 
15, 980. 34 
15, 203. 58 


40.65  15,980.34 
30.19  i  9,  G.')6. 13 
49.5rj  118,515.46 
00.39 


3>.50  9.0 -.6. 13 
50.5.1  rj,C40.  % 
31.20  115,821.88 
00.31 

37.72  12,040.90 
(4.66  10,0:{G.G:i 
17.94  il5,i38.92 
00.32 


47.84 
45. 10 
27.  27 
00.30 


10,036.63 
11.94l.CH 
10,  980.  05 


25.51  11.941.68 
3JI.  56  112.680.  93 
5.1.31  117,412.73 
00.38 


Azimuth. 


2.1.  58 
05.  28 
29.  3:1 
00.  21 

28.  32 
50.03 
35.  74 
00.09 

29.02 
52.  .14 
3a  46 

oao2 


12.  C80.  93 
9.  130.  no 
8, 872.  69 


9. 130.90 
8,  0(19.  27 
4,  5G8. 79 


4,  .168. 79 
2, 705. 10 
3, 056. 00 


// 


146  34  30. 35 

36  35  40. 10 

293  33  51. 32 


36  85  40. 19 
157  48  04.71 
285  56  25. 61 


157  48  04.71 

88  10  45. 19 

299  38  34.80 


88  10  45. 19 
223  41  29.74 
357  06  22. 20 


177  06  29.  .51 

77  50  36. 16 

301  53  35. 12 


77  50  36. 16 

220  16  5&  78 

7  27  24.78 


220  16  Sa  78 

82  49  35.43 

352  25  55.46 


82  49  35.43 
193  25  54. 09 
342  21  22. 36 


Latitude. 


O     *       It 

O  1 

38  56  5a  38 

90  31 

38  59  24. 38 

90  46 

38  59  la  39 




39  02  23.54 

90  40 

39  01  3a  00 

00  44 

39  06  la  00 


193  25  54. 99 
102  23  02.94 
341  57  43.  04 


102  23  02.  94 
192  .16  .17.54 
335  21  41.24 


89  05  44.76 


39  14  Oa  76 


39  15  15. 73 


39  21  55.  20 


192  56  .17.  54 
9.1  U  17.16 
331  30  10.  22       39  22  24.  42 


95  U  17.16 
174  13  07.09 
318  45  07. 8IJ       39  28  49.  67 


174  13  07.09 

84  10  14.09 

307  22  34. 49 


39  28  07. 58 


84  10  14.09 
308  28  44.40 
218  04  23.05       39  25  03.24 


308  28  44.  40 

1.18  .32  .10.33 

67  14  08. 18 


247  12  16. 14 

26  56  1.1.  04 

102  09  04. 63 


39  29  04.  94 


39  27  4a  74 


Long! 


00  41 


00  88 


00  45 


00  43 


90  49 


90  47 


90  54 


90  55 
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TiteZstoi  rem/tt  of  teoondary  trianguXation  from  Cairo  to  Keokuk — Continued. 
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Tabulated  raulU  of  lecondarn  (riflirs«(aHoB/rom  Cain  to  KeotxIi—CoDtiDneAH 

So. 

StMIoiu. 

Obterved 

^*i:''»-»- 

Aiimntli. 

Liitltnde. 

v~i 

lOTKia.27 
WHML4T 

ea*6iT:24 

5B.M 

M  IS  H,W 
S7  <fl  S2.  M 

Bi  to  ii.n 

WW 

mBTe9.ri5 
(WOO  jsisi 

SB.M 
MMS3.B4 

BT.S5 

3g  El  RS.BO 
HO  !!•  m.  Si 
82  23  M.  12 

SSMl-.M 
«B«54;wi 

-    1  jf./fft. 

]B«»la40 
S»U  Kl.it 

6BMSJ.M 
ins  IB  13: 74 

9TQU«!(lt 
El  0«  20. 08 

J04  0S80.46 
318  31  a&  18 
74  23  83.88 

SMS 

1I!0  48  15.07 
391  94  10.H 
IS  36  40;  01 

»13ilO.SS 

78  »  BO,  76 
308  Bl  47.  89 

.    .     .. 

vn 

YolluvUuiks 

14.17 
Kliia 

la!  87 

Ml.  83 
00.05 

UD.IM 
Sftlft 

su 

SS.00 

ai.w 

IS:m 

1472 
24.  SS 

Ei 

S(I.B( 

18.  BB 
im'.BH 

6,003.18 

oiTooioo 

SS 

3.  ii3.ee 

5,ZH,U8 

B,!W.08 
4,807.48 
E,8ao.G3 

G,s».ia 
n:444.:ai 
6,aa,68 

1,444.  SB 

2,03B.ai 

1.83U.7S 

3,030.23 
I  MS.  48 
2,670.40 

wiiM.V 

>.-. 

TellowBiKik* 

40  3101.44 

Yellow  Banks 

40  24  10.88 

'V)Uvi.M 

«J 

"th"nn.io 

■■.« 

40  24  34.70 

Bit 

»« 

40  3113.18 

i0  5SW,6B 

»»» 

zz. 

V.Zfl.Si    1^4»M-J0 

M3SUB1 

APPESDXX  C. 


n.  jorissos,  y 


J  I~  I-  WHEB 


CUTED   UNDIi^lC  TUB   OBDBH8  OI'  THE   JUSSlSt^lPl'I    UIVEK  COMMISSIOX,   ISsO-'Sl-" 

1.  BtpoTi  ofAiiUiani  Engineer  J.  A.  Paige  nimn  thefieliI.\forko/im)-'8l,  Gra/to*  to  Ct 

Office  Misci.'^siri'i  Kivek  Commissio??, 

^iiit  /.iiuis,  M,..,  Hepltmbrr  -Jl,  18S 

Sin:  I  have  tlie  lionor  to  makn  tbf  following  n 
levrls  ou  llic  Hi(<ei(<si|)]<i  River,  lH-live«ii  Ibe  diu 
frnni  Aiigtift  10,  IbriO, tn  Maicli  Ki,  18:^1. 

TLe  urganizntion  of  tlio  imrty  uaH  ns  fiilloTCH:  Jvn 
In  cbiirgo;0.  W.  Pergnson,  BSHUtniitfUKiiieiT;  E.  11..1 
Mconler;  fuur  roi1iiii;ii,  one  oixik,  iintl  ('if;lit<  tiKtiicii, 

On  Oclobcrifi),  Mr.  Sanki'c,  liv  vmii' orders,  whs  tr:iiiHri>rniil       huoIIilt  nartv, 
Mr.  P.  P.  Saiiborii.)  rcjiorteil  lor  duly  on  tlio  «aiiiu  (\ay. 

Your  vorbal  iimtructiouB  previous  lo  my  taking  tbo  fioUl,  were:  To  quarter 
part;  od  the  qaartor-lioat  LouiiiiaDa,  obtain  the  ueccKsury   iuatrunieuls  from 
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ofbce,  puTchaeie  sobeistence  stores,  and  have  the  onfit  towed  to  Grafton ;  establish  a 

\>itncb-uiaTk  on  the  ri^ht  hank  of  the  Illinois  Biver  near  its  month,  which  should  be 

tb«  bt^ginuing  of  the  line ;  transfer  the  levels  across  the  Illinois  River ;  carry  the  work 

l«bich  would  consist  of  two  independent  lines  of  levels)  down  the  left  bank  of  the 

Munesippi  River  to  the  month  of  the  Missoori :  cross  here  to  the  riffht  bank  of  the 

liiansevippi  River,  in  order  that  permanent  bencn-marks  might  be  well  established  in 

the  edge  of  the  blnffs,  which  form  the  right  bank  mainly  from  Saint  Lonis  to  Com- 

Birrce ;  and  ultimately  connect  with  the  bench-marks  in  Cairo  established  by  Gen- 

enl  Comstock's  parties  in  1876. 

On  Angnst  10,  the  quarter-lK>at  was  famished  and,  by  the  steamer  Little  Eagle  No. 
3,«M  towed  to  Grafton.  The  tirst  field-work  connisted  of  determining  the  constants 
of  Kern  levels  Kos.  1  and  2,  and  the  level  vials  l)elouging  to  them.  Kern  level  No.  1 
V18  used  by  O.  W.  Fer^sou  with  level  vial  No.  7  till  October  7,  when  it  was  broken ; 
•fter  that  «late  level  vial  No.  3  was  nsed.  Kern  level  No.  2  was  nsed  by  James  A. 
Paise  with  level  vial  No.  2  throughout  the  season.  Redeterminations  of  the  value 
of  the  constants  were  made  as  follows :  ^ 

Wire  iutervals  of  both  levels  at  Neeley's  Landing  and  at  Cairo. 

Belstive  size  of  rings  of  level  No.  2  at  Neeley's  Landing  and  at  White  Sand  Depot 
Unding. 

Talne  of  one  division  of  level  vial  No.  2  at  Neeley's  Landing  and  Cairo. 

Taloe  of  one  division  of  level  vial  No.  3  was  determined  at  Illinois  station,  where 
it  wu  fint  nsed,  and  again  at*Neeley's  Landing  and  at  Cairo. 

Id  reduction  of  the  field-notes  the  value  of  these  coutitants  found  at  any  time  was 
osed  QDtil  a  new  determination  was  made ;  after  that  time  the  last  value  found  was 
unL 

The  weather  for  the  first  three  months  of  the  field  season  was  very  favorable  to  the 
vorlL  On  the  15th  of  November  cold  weather  set  in,  and  from  that  date  till  February 
22  there  were  only  ibi  days  for  both  parties  of  field-work  done.  While  at  Neeley's 
LiDding  December  18,  the  ice  began  running  so  badly  that  the  quarter-boat  could  be 
moved  no  farther.  I'his  hinder^  the  work  very  much.  Finally  the  river  was  en- 
tirely frozen  over,  and  remained  so  till  February  3,  when  a  cake  of  ice  extending  en- 
tiielv  acrofts  the  river  struck  the  quarter  boat  and  sunk  her.  With  the  aid  of  a  der- 
rick and  some  other  appliances  obtained  at  Grand  Tower  the  boat  was  raised  and 
repaired,  and  on  February  22  moved  to  Commerce,  Mo.,  to  which  point  Assistant 
Fer^son  had  carried  the  levels. 

The  work  was  completed  to  Cairo  on  March  14,  the  quarter-boat  towed  to  Mound 
City  and  turned  over  to  watchman  Schoenfcld,  and  with  Mr.  Fergnscm  I  reported  to 
yon  for  farther  duty  at  Saint  Louis. 

The  general  conditions  regarding  the  work  during  the  latter  part  of  the  season  were 
Qofavorabie.  Low  water  prevailed  nearly  the  entire  season.  •  To  move  the  quarter- 
Wt  by  drifting  with  the  current  very  often  resulted  in  being  bung  up  on  a  rock  or 
blovn  on  a  sand  bar.  The  boat  lay  at  Neeley's  Landing  nine  weeks.  Part  of  the  force 
remained  to  look  after  the  boat,  while  Assistant  Ferguson  continued  the  work  below 
wheofver  the  weather  would  permit,  subsisting  at  farm  houses. 

During  this  time  and  for  some  time  previous  the  ground  was  frozen,  and,  as  has 
been  found  previou«ly,  when  running  over  such  a  surface,  it  is  impossible  to  keep  the 
levt'l  Btationary.  AIho,  part  of  the  lino  was  through  wheat  fields  and  swampy  woods. 
About  *J2  per  cent,  of  the  whole  distance  was  leveled  more  than  twice,  and  one  per 
c^nt.  was  leveled  more  than  three  times. 

The  whole  number  of  days  and  parts  of  days  spent  in  field-work  equals  220  days  for 
*>De  party.  The  whole  number  ot  kilometers  leveled  equals  797.5.  Average  rate  per 
working  day  equals  3.6  kilometers. 

There  were  06  permanent  bench-marks  established.  Eleven  of  these  were  of  the 
ttsnal  pattern — stone  posts  in  ground  with  copper  bolt  in  top.  The  remainder,  with 
wie  exception,  were  copper  bolts  one  centimeter  in  diameter  and  7  centimeters  long, 
l«kded  in  brick  or  stone  foundations,  or  in  the  natural  rock  wall.  Those  of  the  latter 
kicality,  if  not  interfered  with,  are  as  penuanent  as  anything  of  this  nature  can  be 
fstablinhed.  Where  the  copper  bolts  were  set  horizontally  a  small  hole  in  the  end  of 
the  bolt  marks  the  point  of  reference.  Temporary  bench-marks  were  set  about  once 
in  every  kilometer. 

While  in  the  field,  a  descriptive  list  of  bench-marks  was  received,  established  in 
1W9,  by  surveys  made  under  direction  of  Colonel  Simpson,  Corps  of  Engineers,  be- 
tween Carondelet  and  Kaskaskia,  with  directions  that  they  be  connected  with.  Thirty- 
three  of  these  sixty-four  bench-marks  were  found  and  connected  with.  They  are  des- 
ignated in  the  field-notes  and  oflSce  computations  as  "  B.  M. — Holman." 

There  »ere  six  water-gauges  connected  with  the  levels,  viz  :  at  Grafton,  Saint  Louis, 
Riwh  Tower,  Grand  Eddy,  Gray's  •Point,  and  Cairo.  At  all  of  these  gauj^es  except 
the  Gray's  Point  gauge,  there  was  a  permanent  bench-mark  left  in  the  immediate 
▼icinity. 

The  methods  oaed  in  field-work  were,  with  a  few  exceptions,  the  same  as  have  been 
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wmi  brret'^oce,  and  Qivd  not  b«fBnb«Td««ribed,  any  changes  m&dclieuigiiiaidd 
to  tbe  bwalily,  aUlc  of  Ibe  wraltur.  Ac  -; 

TIfc-TB  wtwt  4  ri»rr  cmwsK"  mwln  hj  reciprocal  leveling— one  at  tbe  iM'ginnini 
the  *)irk  ^n>^  tbe  lUiiwiii  ItiTer,  nae  at  tbe  Btocith  of  tli<-  Minouri.  one  at  CbM 
a«d  €nMi  at  OaiBeRe.  Whea  iWae  i  iii— iaj,i  were  tiuule,  b  copy  of  tbe  field-n| 
Slid  feooipBlalioBa  wa*  fsirvaldedio  jon. 

Verj'  n«p«ctfiillf ,  yoor  olMnUrtil  Mrrant,  I 

Jambs  A.  Paiox,     ' 

Fint  LiPMl.  SiOTg  8.  Lkacb, 

Saemarf  Jtuutfin^  Sirtr  Commiim^m.  J 


t^—CAoanxms  to  biloxi. 

Kew  Orixans,  Ijl.  Jhik  !fl,  18B 
ieldnorkof  the] 
dfT  ikiy  cbarjte,  iu  coiiutctiuK  tlui  United  States  liriub-iuark*  n' 
Uw  tiJe-KBaeeai  Biloii.  Mu*. 

TW  party  cuBsiKted  of  J.  It.  Jofanaon,  awistant  mginrer  in  charm ;  0.  W.  FcTf 
•on,  aoMrtaui  rnKiueer;  A.  Uaiuel,  rt'ctiitli-r;  A.  K.  Kustl,  ri-cuntcr,  lugiT.hrr  nith  1% 
lodmeD  and  five  latx-rere. 

I  left  (wint  Loiiie  Uay  3,  reacfaing  Ki-ir  Orleans  on  ibc  5lb.  A  rn'onnaiaiutnea  ^ 
made  on  that  day,  and  a  liue  agrted  n|i-  n  for  tvucliing  Ihc  Sloliilr  nod  New  Orlr^ 
lailroad  by  running  baik  of  the  cily.  On  Ibi-  Utii  iDsimiDrotnl  couMituto  «eM4 
■errrd,  and  on  Uouilay,  Uay  H,  the  regnlar  wofk  coiuitiencnl. 

On  the 'Jib  1  left  th<i  party  for  five  day*,  nnilor  ordcn  la  vlitit  tho  obaervatioD  pai 
ftt  Beal  Kiver  Luiuliug.  Recorder  Ritniel  obwrva-d  irilh  iny  inntruinciil  while  1  was 
this  trip,  aa  vrell  sauii  all  olhnr  nceusioiKt  n-ben  it  was  i».t!cscuu-y  for  toe  to  Ihi  abac 
frwra  Ibe  work.  The  wuik  w«e  ciiiii|ilr«nl  itT  Hilnxi  t>ile-):angp  .Iiidt-  3:1.  Insti 
meutal  eonslants  were  olwervcd  on  thpy4ili,  i<'"\  tie  iinriv  r.'iimirii  to  New  Orlen 
anibe^ilh.  A  ronnrction  wan  iben  ni:i<!<  -.;:;  '...  \,  u  mi.-ui- Cii>  il.iiiim,  wlii 
could  nut  be  funnil  wbeti  tbe  work  uaa  In  iliut  vkiuitv. 

Tbe  party  van  dislianded  June  !iT.  Mr.  Fer^ii^m  tukine  part  of  the  outfit  to  C 
lumliuB,  Ky.,  uiid  the  reniaiiidrr  sbippeil  to  Suiul  Louiit  by  Anchor  Line  Bteanien, 

DESCRIPTION  OF  THE  UNE. 

The  total  length  of  Ibe  lino  from  Carroltton  to  tbe  Biloii  gangs  is  139  kilometers 
B7  miles.  Of  ibis,  I'i  kilomefen  wason  wagon  nhidii,  fiOkilonieterson  railroad  thron) 
sffuinp,  7  kilometers  OD  railroad  bridges  and  trestlee,  64  kilometers  on  railroad  ov 
dry  suuily  laud. 

Tho  cbaruc  I  eristics  of  Ibe  siramp  region  \rere  Iramrd  from  the  rood  roaster.  I 
■sys  tbero  is  a  solid  Hand  boiium  from  2  to  15  feet  below  the  surface  tbroogbont  tl 
vhdle  distance,  A  vetfetable  growth  and  mold  has  fornieil  on  the  Hnrfuve,  nhich  e 
tends  Hoinv  'J  ur  3  feet  down.  If  the  sand  Buhstratiim  is  deeper  than  this,  'he  iute 
mediate  region  is  filled  with  a  soft  liquiil  muss  whkh  ofl'ers  no  mdatance  whateve 
Tbe  road-bed  was  lirst  made  by  <]re<l;-ing  a  eanal  alungHide  Ibe  line,  and  depositit 
the  mud  ou  the  liue.  Sand  was  then  bnntght  in  bchws.  on  Ibis  side  canal  and  put  < 
ton  of  the  mild  road-bed,  nn  i1  it  was  hI able  enough  to  luy  n  track. 

For  several  .years  after  tbe  iratk  nas  laid  the  road-bed  rapidly  settled  away  i 

S laces  and  more  huuiI  was  eonutaiitly  hauled  to  raise  it  aiiain.  Linra  of  piles  «ei 
riven  in  many  plaeen  between  ibo  truck  and  Ibe  side  cunaV,  to  prevent  tbe  road-bc 
from  flowing  back  into  tbe  canal.  Tliene  pileii  are  all  driven  into  tbe  solid  sand  bo 
torn,  however,  and  are  viTy  lirm.  The  roudbeil  now  seenia  to  bo  quite  stable,  and 
think  Iho  bll  haa  sunk  ilown  to  tho  twlid  subHtiutnni  and  then'  will  be  little  inoi 
settling  away.  All  tbe  piling  under  the  bridges  ami  tre.stb>suT«  driven  in  Kaud.  Oi 
lioeschecked  quite  as  w>-ll  tbrungb  (bu  swtinip  r»):ion  ait  on  ibe  wtlil  gninud.  Tb 
road-bed  fur  the  entire  distance,  is  couipusedof  sand,  which  makes  an  excellent  baa 
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lor  loot  plates  aad  inatmnients  as  it  is  non-elastic.    The  7  kilometers  on  bridges  and 
Utatlea  were  distributed  as  follows : 

Meten. 

Chef  licfntenr-Bridge 560 

Risolets  Bridge 1,100 

Pearl  River  Bridge 520 

Bay  Saint  Lonis  trestle 3,700 

Biloxi  Bay  to  gauge  trestle 1,120 

Totalkilometers 7.000 

The  bridges  were  double  quadrangular  iron  truss  bridges  of  100  feet  span,  resting 
on  piers  it  ade  up  of  sixteen  piles  each.  These  piles  were  well  capped  and  held  at 
top,  and  also  by  diagonal  tie-iron  rods,  reaching  from  top  to  bottom  of  piers.  The 
trestle-work  rested  on  piers  every  fifteen  feet,  of  six  piles  each.  The  water  was  not 
over  20  feet  deep  on  any  of  these  crossings,  except  that  of  the  Rigolets,  which  was  as 
much  as  48. 

The  Chef  Mentenr,  Rigolets,  and  Pearl  River  are  outlets  from  Lake  Pontchartrain 
into  Lake  Borgne,  and  are  snbject  to  strong  currents  as  the  tide  ebbs  and  flows,  or 
the  wind  drives  the  water  in  or  out.  All  these  bridges  and  trestles  were  found  very 
■olid,  and  furnished  a  good  basis  for  the  instrnmentn  when  there  was  little  wind  and 
current,  otherwise  work  could  not  be  done  on  them.  These  were  all  crossed  four 
times  under  favorable  circumstances,  except  Pearl  River  bridge,  which  was  crossed 
but  three  times.    All  these  lines  agreed  as  closely  as  on  any  other  part  of  the  work. 

METHODS  OF  WORK. 

The  methods  employed  were,  in  the  main,  the  same  as  those  heretofore  used  with 
the  Krm  instruments  and  rods.  The  two  lines  were  always  run  in  opposite  direc- 
tioQB,  Mr.  Ferguson  always  running  west,  and  I  always  running  east. 

In  one  particnlar  the  methods  of  making  the  observations  have  differed  from  those 
pveriooaly  used,  and  that  is  the  bubble  was  always  kept  in  the  middle  of  ike  tube  when 
tslsivf  a  rtading 

This  method  was  not  adopted  arbitrarily  or  rashly.    In  my  first  season's  work  I 
foond  that  my  bubble  changed  its  value  from  2.6  to  3.5  seconds,  according  to  tempera- 
tare.    I  therefore  kept  my  bubble  corrections  very  small  so  as  not  to  introduce  any 
large  ODcertainty  from  that  source.    In  the  first  half  of  last  season  I  followed  the 
ftame  plan,  and  with  many  readings  would  have  no  bubble  correction  at  all.     In  tbe 
latter  half  of  that  season's  work  1  kept  the  bubble  exactly  in  the  middle  for  almost  all 
readings,  and  found  it  could  be  done  as  well  as  not.    This,  of  courbe,  presumes  that 
the  oliKrver  reads  his  own  bubble,  a  thing  which  I  have  always  done.    Last  season 
Mr.  bVrgoson  had  his  recorder  read  his  bubble  and  so  could  not  pursue  this  method. 
A  discussion  of  these  two  systems  is  important. 

(L)  Having  the  recorder  read  the  bubble  has  some  advantages,  provided  the  bubble  will 
ttttikl.    He  then  can  wait  till  it  settles,  inform  tbe  observer  of  the  fact,  and  he  can 
lead  tbe  bubble  in  its  true  position  while  the  observer  reads  the  rod. 
The  objections  to  this  are : 

(a.)  It  is  desirable  to  have  as  few  men  about  the  instrument  as  possible.  If  the 
recorder  reads  the  bubble  there  are  three  men,  observer,  recorder,  and  umbrella  man, 
standiof^  directly  beside  the  instrument. 

(ft.)  I  find  that  my  bubble  will  seldom  stand  long  enough  for  me  to  read  the  three 
▼ires;  a  single  bubble  reading  is,  in  this  case,  certainly  erroneous. 

(II.)  The  advantages  of  the  other  system  are,  that  it  enables  tbe  observer  to  make 
the  complete  observation,  and  also  to  get  all  three  wire  readings  with  the  bubble  in 
one  petition. 

To  have  one  man  read  the  bubble  and  another  to  take  the  shot  is  like  having  one 
to  sight  a  gun  and  another  to  pull  the  trigger,  a  very  good  plan  with  a  fixed  gun^ 
bot  a  very  poor  plan  when  the  gun  is  somewhat  unsteady  and  controlled  by  the  man 
vho  palls  the  trigger.  When  the  bubble  is  almost  constantly  in  motion,  the  same 
HMD  mnst  aee  both  bubble  and  wires,  and  at  the  same  time,  and  keep  tbem  both  in 
jiew,  in  order  that  he  may  know  when  the  bubble  is  registering  correctly.  By  hold- 
ing the  head  to  one  side  the  observer  can  keep  his  left  eye  on  the  bubble  and  his  right 
«yeon  the  rod,  and  see  the  bubble  super-imposed  on  the  rod ;  or,  if  he  finds  it  diffi- 
cult to  read  with  both  eyes  at  once,  he  can  see  bubble  and  rod  alternately  without 
Bwviog  his  head  and  only  by  opening  and  closing  his  left  eye.  Now  with  his  hand 
St  the  elevating  screw,  under  the  eye  end  wye,  he  brings  the  bubble  to  the  center  and 
^ps  it  there,  stopping  to  look  at  the  bubble  for  each  wire  reading. 

After  having  rea!d  one  wire,  if  the  bubble  has  run,  bring  it  back,  read  the  next 
wire,  again  examine  the  bubble,  bring  it  to  the  center  again,  and  read  the  third  wire. 
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LetbimdoUwsuwail 

i«>d  twin),  aiid  i1mk,„., 

aawrt  tbe  reliabihi;  of  ki> 

lutirdniuon  wiotsc  »b  rtni_ 

The  babble  ottiv  hom  hi  kiv*  •)«««d  Mvvii^  whan  mr-half  to  time- 
diviuon  from  its  tn>?  |uat  of  «^«ilJteBiB,  aad  IbasfatB  Ibe  tecond  nt  of  w 
ings  nill  (in«D  diOrr  froa  tk«  fint. 

It  may  be  said  ii  iiniiii«  iiiii  waifc  liipii  Ui  tniiaj^lliii  liatitili  rTiftljin  IbemU 
bat  I  think  il  i«qiiin«  MtoMta  lit^lbaB  Ut  iMtog  it  to  biit  otbiv  point,  for  ill 
be  vstchrd  and  kept  le  nma  najimf  »t"»T.  if  g^d  wcrk  is  tolwdonr.  KDdilml 
M  well  be  kept  in  tb«  Bkddla  m  anrwhrtc  ete. 

Ih«veraali  nuln  jhv  boor  W  i^aM«tedarwii^anlOa-HieterBbols,  and  1 

notODd  ital  all  Uil&nilt  to  — i^-—  Tl—n b)iar«f  eO-Meta- dioto,  makil 

mile  an  boor  on  KM-turmt  abnU.    Thia  cat  tsbe  alnnt  oar  ■otml  g>it. 

Anotber  «bj«cl><ia  tbas  la  mmin  M  tbe  ubm  <  tt'a  teadiag  bw  own  hobble,  ia  i 
b«  cannot  read  it  crtrrt.ily,  tbcn  beinf  >  imisHjs  of  •boat  ofip-balf  diviaion  at  < 
end,  osoacd  bj-  Uh  lieht  liiiinf  obtiqttdf  Gmm  lb*  babble  to  tbe  mirror,  in  oidc 
R«ch  the  eye. 

Tbe  instruct Jou*  uvlhat  tbevjraaMSthebdd  iuMM^a  pOHlioo  that  there  wil 
no  parallax.  This  rannot  bedoaeL  Tbo qMretiwa,  bowgrer, ha*  lilUe fopce.  provl 
the  back  and  fore  uebis  are  kept  eqiwL  'iCcMTarbMBK  always  coaRlant.  &nd  efi 
intc  back  and  fore-  eights  alike,  thrit  iliffmiiii  <  ia  natSaDg«l,  and  if  the  back 
fore  sigbta  are  tctt  norqaal,  Ihliiimi  lialf  diTliibin  MParin  babble  rrailiu);  can  be 
|>li«d,  together  wiih  tbr  tarrectMitia  fur  enllttBatMii,  ineUnation,  aad  pivots.  In  I 
It  and  the  pivot  <  rmc  ■•mb);  cmBiblir  nmatavit.  mmy  be  eontbineit.  ana  ibeir  resoll 
naed  in  connection  with  collniution  aiMt  inctinaUon  rrran.  for  tbcw  rtanona  I 
termined  on  haTioi;  do  babble  ommelMa*  in  mj  work  for  this  Brason,  and  Sir.  Fei 
•OD.witbMHDeieloclance,  adopted  the  Bame  method.  I  thinkoureiuaontiDarfe 
agreements  ampl}-  jiwtifiee  (be  ■cbanie. 

1  believe  that,  vhea  lb«  condilioiDa  aiw  ravorable.  tbis  matter  of  the  bnlible  n 
inga  ia  the  chier  mnrce  of  ernir.  If  the  Earing  of  lime  in  Ibe  cnupulationa  uibj 
allowed  aa  an  argnment,  ibis  metbod  baa  a  great  advanta^  oveir  tfae  old  oup. 

Onr  fleld  work  liu  all  been  redorvd  in  two  notc-bookik  loaleadof  on  the  compi 
tion  aheela,  with  u  saving  of  Ibtee-quarteis  of  Ibe  time  it  fornterly  ivqaiml  lbrl 
woriL  Thia  cartuinljredncea  the  ooHtnT  Ibe  firld  woricbr  ibat  non  ni^rerboatt 
•topped  to  work  ti)i  noiea.  I  ifaerefore  enucliide  ibal  tbe  method  is  more  acenn 
leaa  laborioiu,  aD<l  clu'sper  than  that  formerly  nsed.  Tbe  valne  of  the  babble  a 
and  the  cbatifies  in  Th<:  name,  become  of  uo  («n8ninpDn\  neither  is  an  Bfcurale  vi 
of  the  wire  iut«Tt  al  of  moch  acconnt, exeepr  as  gelling  tfae  distance  run. 

In  all  other  re«i>i.-ctii  thu  mMhodaemplorni  have  been  tbugameaa  tboue  used  bed 
Tlie  permanent  bench-mark  stones  have  generall}'  h.fn  Eet  on  aide  lines,  ao  that  i 
setilint;  thit  may  have  occurred  in  them  haa  not  affectetl  the  occnraey  of  the  line 

Tneuty-two  permanent  beopb-iiialks have  been  wt,  Iwelte  of  which  are  alonea 
in  the  pround,  easi  ^f  rrnrl  Rivt-r,  iiml  ih.>  n-1  iirt  .  ,>,,,,cr  l.i.lls  Icnilt-*!  into  dn 
piers,  abiitiuelila,   l-ii'  1,   '■.■-;>■:   ,    ,^  ^'    '■   ■   i/  ■  i  ■'■  .:     J.  T.  11  .i  .i!i  ;ri    i .  r>  kin 

the  work.  Ko  oilier  favorn  niTu  a».kcil  iir  reic  iveil  from  tbu  railroail  company,  I 
in  return  for  thin  oiv.  I  liavi- ]ir<*ii:irril  n  li,-.t  of  i.iir  [i.Tiiiiinent  bt-iith-markB  wiihll 
elevalious,  and  also  the  elpvalitma  of  Ibe  roaii-iiccl  at  tvery  station,  which  will  am 
repay  tlietii  for  the  use  of  the  car. 

UoHt  of  thework  baa  been  ilone  froniC  to  fis.  m.  ntid  from  4  to  7  p.  m,  Tbeiebi 
been  very  few  ilays  when  work  couUl  be  done  bflwi-eu  8  d.  m.  and  4  p,  m. 

The  party  were  quartered  at  but  Bis  places  Iw^wcen  Keiv  Orleans  and  Bilosi,  »( 
tanco  of  80  miles,  three  of  these  being  cliib-liouses  for  K«w  Orleans  hunters  and  fi 

RESULTS. 

The  length  of  line  was  139  kilomoterp  (P7  miles).  Thia  was  mn  in  forty-aei 
dayn,  May  8  to  June  23,  inclusive.  Seven  kilometers  of  this  distance  (4.4  milea)  t 
regiiiruil  to  be  run  f»ur  times.  Tbis  gives  91.4  miles  of  duplicate  line  completed 
forty-HCven  daya,  1.9  miles  per  diiy.  The  Aill  party  was  umler  pay  fifty-one  da 
Ficl'cl-wnrk  was  done  on  tbirty-six  days,  niakiuj;  an  average  of  12.b  miles  per  dav 
every  day  on  which  work  was  done.  Of  the  remaining  Bfteeu  days  niue  were  Sunda, 
four  were  rainy,  one  was  windy,  with  the  IimiIs  inaccessible,  and  one  day  was  spent 
connecting  with  a  stouoand  aettiug  a  water-gaiif;o  at  ''West  End"  on  Lake  Pontch. 

DISCUSSION   OF   RESULTS, 

Tboro  wore  five  discrcpancirs  in  tbe  Reason's  work  beyond  the  limits;  fourof  tbi 
were  errors  of  10  millimeters,  ami  one  of  20  inillimeters.  It  is  pretty  well  determin 
that  these  all  occurred  by  allowing  the  rods  to  get  out  of  the  sockets  in  tbe  foot-plab 


APPENDIX    T  T ^REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.      2459 


Hxrketd  are  just  10  millimeters  in  depth ;  every  time  a  train  ])a.sse6  tlie  rotl  in  taken 
oot,  ftnd  in  replacing  it  the  rodmau  is  very  careful  not  to  jur  the  ])late.  Nei  t  her  Rhould 
he  incline  thn  rod  too  much  in  pnttiug  it  hack  for  fear  of  hririf^ing  a  lateral  pressure 
OB  the  plate  and  so  moving  it.  He  therefore  cannot  got  down  to  look  at  it,  neither 
eaa  be  let  it  in  so  as  to  hear  the  click  as  it  drops  into  the  socket,  as  he  can  when  he 
first  sets  np,  so  that  some  of  those  errors  may  have  come  in  from  thirt  cause. 

Another  caase  would  be  the  strong  wind,  in  which  we  were  often  able  to  work  on 
account  of  the  protection  afi'ordeil  the  instruments  by  the  tents.  The  hmIs,  however, 
had  no  protection,  and  it  was  with  the  greatest  difliculty  that  the  rnduifii  managed 
to  keep  their  rods  in  place.  They  nsed  a  stick  to  bnice  up  the  rod  on  thf>  leeward  side, 
and  if  this  was  hejd  firmly  against  the  rod,  the  wind  against  the  top,  would  tend  to 
lift  the  rod  bodily  out  of  the  socket.  One  of  the  rods  was  found  in  this  condition  one 
day,  the  spur  resting  out  on  the  top  of  the  plate,  and  it  had  evidently  been  done  in 
this  way,  the  rodman  not  being  conscious  ot  the  change. 

▲side  from  these  live  errors,  whirh  detenninations  were  rejected  in  the  field  com- 
putation, there  were  no  discrepancies  beyond  the  limit  on  Ihu  entire  line. 

A  number  of  stretches  were  run  a  third  and  fourth  time?  to  reduce  the  probable  error, 
although  already  within  the  limit,  all  determinations  being  used. 

There  was  no  marked  divergence  in  the  plot  of  the  two  linrs  until  the  last  tv'o  weeks. 
Tbisi,  I  think,  was  caused  by  the  road-bed  becomiug  very  dry,  there  having  been  no 
rain  in  that  time.  When  trains  paN.**,  the  whole  road-lx-d  is  shaken  somewhat,  and  if 
thtre  IS  dry  sand  about  the  foot-platrH  it  is  liable  to  work  under  th<'ni,  and  so  raise 
them  slightly.  The  discrepancies  are  in  the  direct  ion  to  indicate  a  raiding  of  the  foot- 
plates. The' results  obtained  on  the  bridges  and  trestles  are  very  satisfactory. 
We  have  for  the  five  such  stretches : 


IxKsallty. 

1 

Distance. 

NnmlHT 
of  linos. 

Mnxi- 
miinidis- 
crt'paDt'y. 

Probable 

error  of 

mean. 

• 

m. 

SCO 
1,100 

r»L'o 

3,700 
1, 1-JO 

4 
4 
3 

4 

4 

mm. 
1.3 
1.3 
0.0 
3.5 
3.5 

mm. 
0.2 

Ki::ok-t« 

0.2 

PwrlKiTfir 

0.2 

B«^  Snint  Louis 

0.5 

£UuuBiiag« 

0.5 

Many  trains  passed,  bolh  while  crossing  tlii'se  britlges  and  also  bet  w«H-n  the  difi'erout 
frt*H;ri;»s.  The  evid^ruce  i.s  eoucluslvo  ibat  tlioro  iH  no  a])i)n'eiabl«'  settling  of  these 
pilrH  f(.r  passing  trains.  Tlie  probable.  eiTor  in  tbo  mean  lor  the  entire  line  is  7  ujilli- 
nirtrr.%  This  corre.s|K»nd8  to  a  i)robal)le  error  in  the  mean  of  n.OO  niillinielt'rs  per 
kil'inti'ter,  a  degree  of  acenraey  nor  hitherto  attained,  I  believe,  in  this  eonntry. 

It  will  b«.*  wen,  by  coni])aring  theii  elevations  in  thtu  snmniary,  that  the  (»-fr)ot  mark 
on  the  liiloxi  gan^^e  is  *S>  5  millimeters  below  the  z«"ro  of  the  (.'anollton  gauge.  The 
k*M  inT  thii}ks  mean  tide  is  a  little  below  lhe(;-foot  mark.  It  is  likely,  therefore,  that 
\h*f  /i-rool'the  Carrollton  gauj;e  will  piove  to  he  some  "2  or  'A  inches  alx^vi*  mean  tide. 

The  work  in  much  ind<:bted  to  tlu^  attention  j>aid  to  it  by  Major  llarrod.  It  was 
thnniph  Lis  intlueiice  that  a  hand-car  was  obtaine<l,  ami  also  that  the  party  was 
allowed  to  oc<ui)y  various  elub-hnu>es  tbrongh  tin*  swani])  r<'nion.  The  or;ianization 
of  ibf  party  was  very  satistaetory.  Mr.  Feri;ns  n  is  always  to  Ik^  eonmiendi  d  lor  the 
intfliigtiici'.  eare,  an<l  <.onseientions  devotion  he  brings  to  the  work,  and  lieeorders 
I'aui«.-land  Kastl  are  well  deserving  of  further  einploynieut.  Mr.  Jxaniel  aeti'd  as  au 
oltj^ner  on  'M  stretches,  aggreixating  '24  miles,  on  only  one  of  whieii  was  the  discrep- 
ancy beyond  the  limit,  and  that  one  by  10  millimeters,  probably  an  error  of  the  rod- 
man 

Very  respectfully,  your  obedient  servant, 

J.  B.  JOIINSOX, 

Jm^iatant  Engineer, 
First  Lient.  Smith  S.  Leacii, 

Corps  of  Engineers^  U.  6'.  A.^  Secretary  Misvi/^sijypi  liiver  Coinmiasion, 

6. — GR.VFTOX    TO   CHICAGO. 

Saint  Loris,  Sepiemher  1,  1883. 

•'IR:  I  have  the  honor  to  submit  the  following  reyiort  of  the  field  work  of  precise 
levj'ls from  Grafton  to  Chicago.      This  w<jrk  was  done  in  three  seasons,  viz: 
I.  firafton  to  Keokuk,  b>l  miles,  done  May  *Zi  to  August  XO,  l^-.-l. 
IL  Keokuk  to  Fulton,  170  miles,  •!(uie  September  (J  to  November  ilo,  1882. 
III.  Fulton  to  Chicago,  170  miles,  done  May  2  to  August  7,  1883. 
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Tbfl  oboervers  for  alt  rbis  work  were  O.  W.  Fergnson  and  J.  B.  Johna^n.  Eacb  i 
MTver  had  a  revordt-r,  two  radmen,  and  two  ammo  at  hia  dtaposal,  llios  maliiogt 
Mpuato  'working  fiuld  parties.  Bolli  parMeR  were  qnartvreil  to};eth«r,  and  wera 
cttugtotj.  B.  Juhnsou.  From  Grufton  toKeohuk  thojIivedonaqDarteT-U>at;  tn 
Keokiik  tn  Cbiuago  tliej  fuutid  accommodatinua  iu  the  villages,  and  used  a  hand-i 
logo  to  And  rrniu  work.  Of  the  491  miles  of  line  from  GraRoa  lo  Chicago,  406  mi 
•were  ma  on  railroads,  and  65  miles  alone  theedee  of  the  river  bank.  From  GrafloM 
~      '  uurCberly  point  reacLed  ontne  river,  taUroadavereoiiIjM]«ed<irt 

BENCS-MAItZB. 

From  Grafton  Iu  Chicago  147  permanent  beDch-marka  were  set,  110  of  which  n 
be  funad  near  to  the  river,  between  Grafton  and  Savanna ;  of  the  remaining  37,1 
ftl«  on  thi^  line  of  tile  ChiuBgo.  Uilwankee  and  Suint  Paul  Hallway,  from  SavanuB 
ChlCKO,  iiiid  U  ill  thei^ity  of^Chicago.  These  bene h-marks  are  nearly  all  enpper  bel 
leaded  In  lo  natural  rock,  bridge  piers,  and  abutments,  foundations  uf  buUdings,  M 

vi 

in  atoDea   set  in  the  ground.     Tbef  are  generally  marked  with  the  lettera     0' 

arranged  in  this  manner  abont  Ihe  bolt-head.  Most  of  them  are  set  horizontally; 
vertical  vails  und  laces  of  rock,  and  the  balance  vertically  in  horizontal  surfael 
Th-<  latter  iirL<  more  convenient  to  connect  with,  but  are  more  liable  to  be  disturb 
and  coveri'd  from  sight.  ; 

Id  addition  to  these  permanent  benches,  connection  was  made  with  30  "pemiaM 
heuvll-iniirkH "  sot  in  Colonel  Farqubar's  survey  of  the  Mississippi  River,  and  p4 
llibed  Id  the  lieporl  of  Chief  of  Engineers  for  lUHO,  page  ISiO.  , 

Temporary  In-nth 'marks  were  set  abont  every  kilometer,  or  whenever  tbe  work  ^ 
Intemiptt-d,  There  were  iisnally  points  of  natural  rock,  abutments,  spikes  in  stmn 
or  roots  of  trees,  or  in  tbe  trestle-work  over  piles,  or  else  stakes  drivon  in  the  grouB 
Where  tbx  stuhility  of  the  temporary  bunch  wasnot  aesored,  more  than  one  waeM 
in  this  cane,  botli  wure  connected  with  acaia  in  startinc  '■^tn  tbem,  and  the  ouj 
elevation  of  the  two  was  used  in  cnntionlng  the  line.  With  Lnt  one  eiception,! 
temporary  bench  was  ever  fonnd  to  have  moved,  and  this  one  was  a  spike  in  a  cat^ 

Snard  wIhtu  the  timliora  were  aflurwurds  lonnd  to  be  decayed,  This  movomeut  <*; 
Iscovered  in  the  field,  and  the  lino  continued  from  the  neit  set  of  benches  back  ( 
the  lino. 

LOCATION   OP  LINE. 

The  location  of  the  line  mn  is  as  follows : 

FromOranonloClarksvillo,  bS  miles,  on  the  east  bonk  of  the  tiver. 

Prom  Clarksvllle  to  Burlington,  135  miles,  on  the  lino  of  Saint  Louis  and  Eeokn! 
and  Chicago,  Burlington  and  Quinoy  railways,  on  the  west  bank. 

Procn  Burlington  tu  New  Boston,  36  miles,  on  the  line  of  the  Chicago,  Burlington  an 
Qulncy  Kailway,  on  iho  east  bank. 

From  New  Boston  to  Port  Louisa,  9  miles,  on  the  east  bank,  through  the  bottomi 

From  Port  Louisa  to  Muscatine,  Iti  miles,  on  the  west  bank,  through  the  bottomi 

From  Musi-aline  to  Rock  Island,  29  miles,  on  the  line  of  the  Chicago,  Rock  Islan 
and  Pacific  Railway,  on  tho  ivost  bank. 

From  Rock  Island  to  Savanna,  56  miles,  on  the  line  of  the  Chicago,  Milwaukee  an 
Haint  Paul  Railway,  on  the  east  lianh. 

From  Savanna  to  Chicago,  148  miles,  on  the  line  of  the  Chicago,  Milwaukee  an 
Saint  Paul  Railway. 

This  necessitated  crossing  the  river  four  times  with  the  line  of  levels,  viz,  » 
Clarksville,  Burlington,  Port  Louisa,  and  Rock  Island. 

At  Clarksville  aud  Port  Louisa  tho  crossings  wereeS'ected  by  simultaneous  reading 
with  two  instruments  on  opposite  sides  of  tbe  river,  the  midwire  bisecting  a  larg 
target  on  the  opposite  shore.  Sixteen  readings  were  taken  by  each  instrument.  It 
sets  of  lour,  whicli  were  as  follows: 

1.  Telescope  normal,  level  direct. 

S.  Telescope  normal,  level  reversed. 

a.  Telescope  inverted,  level  direct. 

4.  Tele»co[ic  inverted,  level  reversed. 

Then  each  observer,  with  his  instrument,  crossed  over,  and  the  same  was  repeated 

The  longest  readings  thus  taken  were  about  fiOO  meters.  Very  good  results  wen 
obtained,  the  probableerror  being  less  than  a  millimeter. 

At  Burlington  and  Rock  Island  the  crossings  were  made  on  bridges. 
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I2I8TRUMXKT0. 

The  iiwtniinents  used  on  this  work  «ro  the  Kern  levels,  and  rods  similar  to  those 
vsed  in  the  precise  lerels  of  Switzerland,  and  are  made  by  J.  Rem,  of  Aaran.    The 
iBStminenty  with  tripod,  weighs  28  pounds.    It  has  three  steel  leveling  screws,  with 
enlarged  ^herical  ends  at  bottom,  which  are  held  to  the  tripod  head  by  clamps 
fitting  over  the  spherical  enlargements.    The  wye  adjnstment  is  by  means  of  a  thumb- 
■crew  of  very  fine  thread,  so  wat  the  last  final  centering  of  the  bubble  is  made  with 
this  screw.    The  bubble  tube  is  fixed  in  a  striding  wooden  case,  with  bra^s  ends  fit- 
ting on  the  Gollan  of  the  telescope.    The  bubble  case  has  a  fflass  cover  and  a  mirror 
that  may  be  raised  to  the  angle  of  45^  and  so  reflect  the  bnoble  imase  to  the  eye  of 
the  observer  at  the  eye-piece.    The  telescope  clamps  also  hold  the  bubble  case  in  posi- 
tion ;  this  is  removed,  however,  when  the  instrument  is  carried.    The  telescope  gives 
an  inverted  image.    The  reticule  has  three  horizontal  wires,  all  of  which  are  read,  and 
the  mean  taken  as  the  reading  of  that  sight.    This  also  gives  a  stadia  measurement  of 

the  distance. 
The  rods  are  3  meters  long,  made  of  two  pine  boards  with  a  T~?haped  cross  section, 

inovided  with  an  iron  spur  at  bottom  with  a  flat  end,  and  a  watch  level  by  which  to 

bold  it  vertical.    They  are  graduated  to  centimeters,  and  are  read  by  estimation  to 

millimeters.    No  target  is  used. 

FIELD  MBTHOI>8. 

1.  DmplAeaiiam, — In  all  this  work  the  lines  between  benches  have  always  been  dupli- 
cated by  running  the  second  line  in  the  opposite  direction.  From  Grafton  to  Keokuk 
the  duplicate  lines  were  run  by  different  observers,  Mr.  Ferguson  always  running 
north  and  Mr.  Johnson  south.  From  Keokuk  to  Chicago  each  observer  daplicated 
his  own  work.  It  was  never  attempted  to  carry  two  lines  simultaneously  with  one 
instrument. 

8.  Otoerrofioa.— Great  care  was  taken  to  always  get  the  back  and  fore  sights  equal 
in  lenjrth.  Since  the  interval  between  extreme  wire  readings  gave  a  stadia  measure- 
ment of  the  distance,  the  recorder  knew,  by  means  of  the  continued  sum  of  back  and 
fan  sight  intervals,  at  all  times,  what  the  total  difference  was,  and  could  instruct 
thp  rodman  to  make  the  requisite  correction.    This  was  carelully  attended  to. 

The  bnbble  was  always  read  by  the  observer  in  the  mirror  set  for  that  purpose. 
This  wss  read  by  the  observer's  left  eye,  without  removing  his  right  eye  from  the 
txt  piece.    There  was  a  small  parallax  on  the  bublile  when  the  eye  was  in  this  posi- 
tion, bm  since  the  error  was  constant  for  both  back  and  fore  sights,  it  was  eliminated. 
From  Grafton  to  Keokuk  the  bnbble  was  brought  approximately  to  the  middle  and 
n^aud,  and  a  correction  applied  for  its  eccentric  position.    From  Keokuk  to  Chicago, 
tile  bubble  was  brought  carefully  to  the  center  and  held  there  by  means  of  the  very 
delicate  wye  ailjustiug  screw,  so  that  there  were  no  corrections  for  bobble  displace- 
meDt  on  thin  part  of  the  work.    The  latter  method  was  found  to  be  about  as  con- 
Tenient  in  the  field,  and  it  saves  much  work  in  reduction. 

Is  connecting  with  horizontal  benches  it  was  the  common  practice  to  set  the  in- 
itrumeut  on  a  plane  with  the  bench  and  make  the  middle  wire  bisect  the  small  hole 
in  the  center  of  the  bolt,  rea<ling  both  back  sight  on  rod  and  fore  sight  on  bolt, 
▼ith  the  telescope  in  both  normal  and  inverted  positions.  This  Vas  necessary,  be- 
canite  three  wires  were  read  on  the  rod,  and  the  middle  wire  did  not  exactly  coincide 
with  the  mean  of  the  three. 

The  md  supports  used  in  1881  and  1883  were  iron  foot-plates  of  some  18  square  inches 
>t;<^a.  triangular  in  shape,  having  a  handle,  3  spurs  at  bottom,  and  a  socket  in  tho  top, 
vith  a  convex  bottom  to  receive  the  spur  of  the  rod.  In  1882  iron  pins  were  used 
in  addition  to  the  foot-plates,  or,  in  place  of  them,  on  portions  of  the  line  where,  from 
onr  experience,  they  were  thought  to  be  better  than  the  plates.  This  was  on  alluvial, 
moifct,  or  sprinpy  ground,  where  the  plates  were  liable  to  change  their  elevation. 
6<)iDftimes  in  the  woods  it  would  be  almost  impossible  to  get  good  solid  earth  on 
*hich  to  set  the  plate.  The  pins  were  found  to  work  very  well  in  these  places,  but  in 
loow  earth,  as  sand  or  unpacked  gravel,  the  foot-plates  are  greatly  superior.  If  but 
one  kind  of  support  is  to  be  used  under  all  conditions,  the  foot-plates  are  preferable. 

INSTRUMENTAL  CONSTANTS  AND  ADJUSTMENTS. 

The  value  of  one  division  of  the  level  bubble  in  seconds  of  arc  was  determined  two 
<>f  thrtre  times  each  field  season,  also  the  difference  in  tho  diameters  of  the  tele^'cope 
foflars,  and  the  correction  therefor,  and  the  value  of  the  wire  intervals.  1  he  adjust- 
ment of  the  bubble  tube,  and  the  line  of  collimation  of  the  mean  of  the  three  wires, 
^the  axis  of  the  telescope  collars,  was  made  or  examined  every  time  the  instruments 
▼ere  eat  up,  and  again  on  closing  a  stretch.     In  the  former  case  the  error  of  paral- 
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lelism  TIM  made  very  uniall,  hiiiI  in  tlio  loiter  its  nbsoloto  volne,  in  seconds  of  i 
waa  found  by  revi-rsed  rcaUiuKu.  Tbiwo  vnliioa,  iintad  M  tlio  close  of  the  stret 
called  oorrooliooJS  for  "indiunlidu"  iiud  "  colli mivtiou,"  logotbpr  with  ths  correct 
forineaiinlityof  coltara.  called  tha  " pivot" eorreciion,  were  all  cvaliintwi  forlfa* 
Blduat  diflM^uco  in  diatanoe  UutnueD  Huma  of  back  and  forti  ait^hts,  nuiI  tho  rcanll 
correction  n[)plied  to  the  coDipiit(<d  elevation  of  the  fom'ard  lieuchoN.  The  algebi 
Bnms  of  theHU  correcIlonH  soldom  amounted  to  more  than  one  or  two-t^inllis  of  B  n) 
■meter,  □□  account  of  Ilio  tare  tiiken  to  keep  the  hack  and  fure  BJghlH  eqnul. 

Tlie  oorrections  teiiuUitig  fnim  the  condition  of  the  iufllrument  at  tlie  cIobb  of' 
stretch  were  alone  used,  bccaiiKK  nliore  constant  luiro  bad  been  exercised  to  keep' 
hack  and  fure  sights  li:ihinuud  up,  the  residual  did'erence  would  usually  be  raaoa 
tlie  last  one  or  tno  settiUKii. 

PE0GBE8S. 


The  following  table  showH  tlie  rates  of  pi 


IS  made  in  the  tbreu  seasons: 


Lenjrth  of  linn 

Knmber  of  ilnyi  in  wbloli  wnrk  wondanr 
Atetom  dsfly  nm  lu  milea  far  enllm  m 
ATeracfl  d^dij  run  in  iDilea  Tor  itm  kiBK 


These  avoTBCD  runs  may  be  taken 
as  RiD(>1e  line  liy  one  parly. 

The  gmater  progress  matte  in  the  i 
the  use  of  Iho  liund-car  and  Ihu  ohscrvin);  teuls.    These  Ititter 
on  the  Gulf  eoiisttu  protect  the  iuiitrnuicnt  from  tho  wind.    Tboy: 
tents,  with  one  Bfijot  cent  -'■■'-'■-       ....... 

work  to  be  done  oil  inuuy 


ftaiahod  duplicate  work  by  the  two  jiarliel 

the  good  wealbcr  a 

ade  to  be  tu 

by  6  feet  wi 

tcr  l^<■l^•>,  held  at  bottcim  by  eight  steel  piits.     I'bey  ailo* 

days  when  it  would  have  been  impossible  without  tliem 


AT  CSICAOO. 

The  object  of  Qarrying  the  lino- to  Chicago  was  to  connect  with  Lake  Micbiei 
The  Lake  Survey  bad  determined  the  elevslion  of  curtain  beucli-marka  it  MitwauK 
as  well  as  the  moan  elevation  of  Lake  Uichigau,  for  the  moulbs  nf  May,  June,  Ju 
and  August,  1875,  and  also  the  niesD  elevation  of  the  lake  from  January  1,  1860, 
December  31,  1875,  above  uicud  eua-levol  at  New  York  City. 

At  Chicago  a  Ka>i}:e  hnil  lievn  read  tlireo  times  u  day  at  the  crib,  being  the  cntrai 
to  tlie  tunnel  two  niitcflfnim  hLoi«,  eiuco  1^72.  Thisfiauge  had  apparently  remain 
nndisturlwd  since  it  was  first  set.  Its  zero  wan  t-ct  ut  HMl  fvet  above  city  directs 
by  spirit  levels  curried  tbruu<;h  the  tiiuucl.  lu  la7»  a  watur-level  connection  of  gn 
accuracy  was  inaile  by  the  present  city  eugiurcr,  Mr.  S.  O.  ArtJntjstall,  between  I 
crib  and  tbe  shore,  and  the  crib  gunge  was  found  to  Lie  U.iMU  foot  too  low  by  the  shi 
benches.  The  crib  gauge  was  taken  as  correct,  however,  and  corrections  applied 
tbe  shore  bone li-i narks.  By  this  deuisiun  the  city  directrix  is  a  point  tJ.Ol  feet  beli 
tlio  zero  of  tbe  crib  gauge. 

The  line  of  precise  levels  was  Joined  with  eight  city  benches  and  with  tbe  ci 

fftuge  by  water  levels.  These  water  levels  conHisted  in  reiiilitig  3  gauges  on  shore  a 
•t  the'crib  every  live  minutes  fur  seven  cousecutivuhuurnou  ucului  day.  Tbiscc 
iioetioii  IWini  shore  to  crib  agreed  with  ibat  of  the  eily  eugiucer  iu  l&7tj  to  the  nean 
UldlKUUKltll  of  a  foot. 

Having  thus  joined  the  line  of  precise  levels  with  the  zero  of  the  crib  gauge,  it : 
umIuihI  only  to  obtain  a  comiiariF-on  of  tinuge-ivadiugs  at  Chicago  and  Milwaukee 
IrauiU'eT  the  Milwaukee  eluvullous  1o  Chicagr).  Thus  tbe  llihsisKippi  Eiver  line 
Mwt^  levulsisjtiiiifil  to  the  United  Statiut  Luke  Survey  line  of  levels  from  New  Yo 
vUv.  t  For  n  descriptinu  of  the  deti'nni nation  of  tlic  elevation  of  tbe  Great  Laki 
■v«  Vnifossioiml  Papers,  Cor|iH  of  Kugiucers,  Vo.  SM,  p.  fiUo.) 

'ttw  (Vlbiwiiig  n-corders  have  as-iieted  on  the  work :  A.  Riimcl,  P.  P.  Sanborn, 
I,.   \»iwr.  K.  K.  Wooilwarcl,  jr.,  aud  S.  J.  I'ilzhugh,  nil  of  whom  discharged  thi 
(lul>iu«  wnU  envlit.    My  nssisiant.  Mi'.  O.  \V.  rcTgiison,  dewrvea  e.iiiecial  mention  i 
Um  iMvunwy  and  rapidity  with  which  be  has  always  done  his  woik. 
Vmji  Wprclfully,  your  obedient  servant. 
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1  ii^porf  #»  nAidicMMi/ jniootM  leveUf  bjf  L.  L,  Wheeler^  assistant  engineer, 

Cottonwood  Point,  Mo., 

October  29,  18B3. 

8it:  I  liave  the  honor  to  submit  the  following  report  upon  the  reduction  of  precise 
kfdiL  made  under  my  direction.  These  levels  include  the  following  sections:  P>om 
dnoutoD,  La.,  to  Biloxi,  Miss.,  a  distance  of  140  kilometers ;  from  Grafton,  III.,  to 
CaaOf  ULf  a  distance  of  346  kilometers;  from  Keokuk,  Iowa,  to  Grafton,  111.,  a  dis- 
taee  of  842  kilometers;  and  from  Keokuk,  Iowa,  to  Fulton,  111.,  a  distance  of  2f>7 
Uometeis. 

h  the  reductions  made  under  my  direction,  the  greatest  care  has  been  taken  that 
M  ataa  of  computation  should  enter  into  the  results.  All  reductions  have  been 
cheeked,  either  by  comparison  with  the  corrected  Held  reduction,  or  by  two  persons 
Mopoting  the  same  results  independently.  It  is  therefore  believed  that  the  results 
hat  nven  may  safely  be  taken  as  the  correct  ones  resalting  from  the  observatious. 

In  uese  four  sections  the  instruments  used  were  alike,  and  the  method  of  field  work 
sariy  the  same  throughout. 

The  instruments  and  rods  were  manufactured  by  J.  Kern,  of  Aarau,  Switzerland, 
and  sxe  similar  to  those  described  in  the  Report  of  the  Chief  of  Engineers  for  1877, 
psnll90. 

Tsble  A  shows  the  various  determinations  of  the  instrumental  constants  up  to  the 
dsteof  the  completion  of  the  line  from  Keokuk  to  Fulton. 

Tsble  B  stows  the  instrumental  constants  nsed  iu  reducing  the  notes  of  each  section, 
and  the  computers'  names.  In  this  table  i  and  i*  are  the  angular  distances  of  the 
ipper  and  lower  wires,  respectively,  from  the  midwire,  and  I  is  the  angular  distance 
between  extreme  wires.  The  remainder  of  the  table  is  sufficiently  explained  by  the 
headings  of  the  columns. 

Table  A. — Constants  for  Kern  levels  and  Kern  level  rods. 


'pivot  eomctioo/'  or  correotion  for  ineqaality  of  teleacox>e  rings.     It  is  the  an^lar  correo- 

^  to  w  ^iplied  to  tho  line  of  coUlmation  to  reduce  it  to  the  horizontal  piano  of  the  npiKT  sarface 

St  tho  rian.    « is  the  valae  of  one  diTiaion  of  the  level  tube  in  sooonds  oi  arc.     L  is  the  leneth  of  a 
i«Ll 


VcBibfli  of  bMtnunent. 


Constant. 


Xen  Intl. 


lereltahe. 


.1 
1 
1 
1 
1 
1 
1 
1 

o 

2 
2 
3 
3 
3 
3 
3 
3 
5 
.2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
8 
5  I 

I' 

5  ! 

71 
Ui 


li^_ 


P  = 

P  = 

P  = 

P  = 

P  = 

P  = 

P  = 

P  = 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 


II 

—  0.34 

—  1.04 

—  LfM) 
-2.60 

—  1.38 

—  3.52 

—  1.91 

—  2.40 
+  0.1)9 


+ 

+ 
+ 


l!  = 


I   V  = 


0.50 
1.H4 
2.53 
+  0.17 
+  0.19 
+  1.10 
+  2.71 

—  0.37 

—  1.85 
4.08 
3.83 
4.49 
5.60 
4.G1 
3.00 
3.25 
3.27 
3.22 
2.90 
3.24 
3.04 
3.'J1 
3.10 
2.94 
2.85 
2.76 
2.86 
4.25 
2.66 


Date. 


No.  of 
observa- 
tions. 


Probable 
error. 


:  AUfJ. 

,  May 
;  Auir. 
'  Aui;. 

Feb. 
'  May 
,  Juiit." 
j  l>ec. 
I  Auj;. 
.Oct. 
.  Jau. 
;  May 
i  >"«'b. 

May 
I  June 
i  S«i)t. 

I  1)«'C. 

Feb. 

An;:. 

An;:. 

All};. 

Jan. 
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ET  or  THE  COIEF  OP  EHOXNEBBS,  V.  B.  i 

ArrompMiyliig  this  report  are  tables  of  re»nlt«  nod  descriptJons  of  tbe  p 
beuch-niarkB. 

lu  the  t«l>lM  of  reenlta  oolumn  t  iiiv«*  ibe  bench-mark,  T.  B.  M.,  si|rnifyii)|F 
rar^  benub-marb,  and  V.  8.  P.  B.  M.,  Bi^Dtfying  United  StnteH  permaui-ut  tiencb- 

Column  2  ivnlaiDB  ihe  distances  in  kilometrtsfromlbeiDiiial  beach-mark. 

Coluuiu  3  f,\ym  Ibe  direclioD  in  nbicb  the  line  vaa  leveled. 

L'oliuun  4  gives  the  HucceSBlvn  diffrrenwa  nf  elevation  in  meters  between  I 
uiHrkB,  Hud  the  lucan  of  anch  drirrtiiittitliDiia. 

Coliuun  b  glvea  Ibe  roiilnala  found  by  subtracting  each  det«rmiaatiOD  fiod 

Culnnui  G  gives  tLc  probable  error,  r,  of  the  mean  in  coiauin  4,  compnt«d  iq 
fonnala  , 


=  ±  0.674S 


V«'(*-i) 


Cirlamn  7  pvrs  the  inTahablc  error  E,  of  the  mesn 
bench-niark  as  couipiitrd  froui  the  begiuntag  of  tbe  sec 

Cnlunill  agirei  the  utevntiotis  of  all  bench-tnHrks  r^f^rred  tn  the  C: 
pbioo,  which  ia  290.»1  f«t  Uolow  the  zero  of  the  United  States  Engineer 


Caira,  III. 


of  each  pcnBI 
8« 


o  be  applied  to  tbe  elevations  in  tt 


Column  S  gives  the  cormrti 
6  to  reduce  tlictn  to  siaodard 
Culnnin  10  gives  tbo  eurnM'tml  elevatinnn  referred  to  the  same  datum  pli 
Colnmn  11  givM  tbe  ioitialuf  the  observer  far  each  determination. 
"3  "  ia  fur  Awistaiit  J.  U.  Jubuson. 
"F"  ia  for  AwiatnolO.  W.  Fergnaon, 
"P"  ia  for  Assiataut  J.  A.  Pweb- 
"  8  "  ia  for  Recoider  E,  H.  Sa^ee. 
"  B"  is  for  Ei-corder  H.  P.  Boume. 
"  8n  "  is  for  Recorder  P.  P.  Saattom. 
"  R  "  is  for  KcMirdor  A.  Bnmel. 
ColamD  Vi  indicaies  the  oatnre  of  tbe  support. 
The  al>ovo  report  is  respectfoUr  snbmitted. 

L.  L.  Whkelbr,  . 

First  Lieut,  Smith  S.  Lraoi, 

Stcrelarji  Jfuniiritjipi  Hirer  Comniiwiint. 


SrmilU  ofpreciie  hveJixg. 
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U.  8.  C.  S.  B.  M.  No.  1  is  a  small  cross  (+)  oat  on  iron  sill  of  walled-ap  door,  near 
lorUiwest  eomer  of  seyenth  district  Babcock  engine-honse,  Carrollton,  La.  Eleva- 
twB,9".02;2. 

Hamfson  Bench  (Wiixiam s).— The  old  Hampson  Bench  is  a  spike  in  N.  W.  comei 
if  N.  0.  aad  C.  R.  R.  machine-shop  at  CarroUton,  La.  It  is  between  the  19th  and 
fHk  floofsss  of  brieks  below  the  window-sill,  and  about  six  inches  (6'')  below  the  snr- 
Ihs  o(  the  groond.    Eleyation,  8».d292. 

HAMnON  Bench  (Be-tttablUked  Inf  Major  Howell)  is  a  spike  in  the  N.  W.  comer  of 
V.  0.  sod  C.  R.  R.  machine-shop  at  Carrollton,  La.  It  is  between  the  21st  and  22d 
smns  of  brick  below  the  winaow-sill.    Elevation,  8>n.6&5l. 

&  M.  3  {B^Ug.  1875)  is  the  top  of  a  broken  spike  driven  into  the  north  face  of  the 
csr-hooss  of  the  N.  O.  and  C.  R.  E.  It  is  two  feet  (2f)  west  of  west  side  of  door,  on  a 
Isfil  with  the  course  t>f  bricks  upon  which  the  door-sill  rests.    Elevation,  9°*.775:& 

Bb  M.  4  {Bifleg,  1875)  is  the  top  of  a  ship-spike  driven  in  the  north  side  of  the 
■asUiie-sbop  of  the  N.  O.  and  Cf.  R.  R.,  0.2  ft.  from  N.  W.  comer.  The  spike  is 
iiifSQ  between  the  bricks,  37  courses  from  top  of  window  casing.    Elevation,  9^.5181. 

&  M.  5  (Barney,  1875),  is  mark  ..  ^  ^  cut  on  the  west  end  of  iron  sill  of  the 

XJ.  o.  £. 


door  of  the  N.  O.  and  C.  R.  R.  depot.    Elevation  9».0303. 
U.  8.  P.  B.  M.  '*  Carbollton  "  is  the  center  of  small  hole  in  center  of  copper  bolt, 
Initd  horisontally  in  north  face  of  masonry  of  northwest  comer  pillar  of  old  court- 
hsMB,  ftt  Carrollton,  La.    The  bolt  is  in  the  middle,  about  0.03  ft.  from  water  table 

US 
tfiflliraiid  about  2.5  ft.  above  the  ground.    The  letters       Q       are  cut  near  the 

P  B  M 
Wtt.  Elevation,  9".1478. 

GiTT  B.  M.  z  z  Stone  is  top  of  granite  marking  stone  set  in  ground,  in  line  of  trees, 
« the  west  side  of  Carrollton  ave.,  about  half-way  between  3d  st.  and  Zimple  st., 


GHnllton,  La.,    The  stone  is  marked  thus:        ^^^  j^q  loark  -f  denotes  the 


p^X  where  the  rod  was  held.    Elevation,  7™.  7655. 

Crrr  Stone  (comer  JVaahington  and  Carrollton  avenues).  This  stone  is  set  at  soutb- 
CMft  eomer  of  crossing  of  Washington  and  Carrollton  avenues,  near  New  Orleans,  La. 
Qention.  7».76:M. 

U.8.P.B.M.  1  is  a  copper  bolt  leaded  vertically  in  the  top  of  the  northwest  por- 
tioB  of  draw-pier  of  bridge,  called  the  "White  Bridge,"  crossing  the  new  canal,  on 
tkCsnoUton  road,  near  New  Orleans,  La.    Elevation,  G'".9402. 

City  Stone  ''Halfway  House '^  is  a  granite  marking-stone  set  in  ground  on  west  side 
*f  BSTigable  canal  (New  Basin),  near  Metairie  Rid^e  Bridge,  between  the  Halfway 
Horn  sod  the  gate  to  Metairie  Cemetery.  It  is  said  to  be  the  line-stone  of  the  Or- 
hani  and  Metairie  Parishes  of  New  Orleans,  La.  The  stone  is  marked  on  top  with  a 
ttow.    Elevation.  7™.  9870. 

Beofh-mark  "  Height  of  Metairie  Ridgo  ^*  is  a  granite  marking-stone  set  in  ground 
IS  it  southeast  from  southeast  abutment  of  Lake  Bridge,  on  cast  side  of  canal  (New 
Btiiii).    The  bridge  crosses  the  canal  (New  Basin)  opposite  Toney's  House,  West  End, 


MirKew  Orleans,  La.    The  top  of  the  stone  is  8''  x  13'',  and  is  marked 


BENCHALA.RK 

HEIGHT  OF 

METAIRIE 

RIDGE. 


BevaHon,  7».  6753. 

Bench-mark  (near  Lake  House,  West  End,  La.).  This  bench-mark  is  the  top  of  a 
Jww,  set  in  ground  l)etween  the  Lake  House  and  Toney's  House.  It  is  on  line  with 
nont  fence  of  Toney's  Honsc,  160  ft.  from  center  of  canal  and  about  30  ft.  from  road, 
*«*nDg  the  canal  on  the  Lake  Bridge,  at  West  End,  near  New  Orleans,  La.  Eleva- 
^n,  7".  1244. 

U.  8.  P.  B.  M.  2  is  the  center  of  a  copper  bolt  leaded  horizontally  in  the  northwest 
»««of  the  south  one  of  two  brick  abutments,  at  northwest  end  of  draw-bridge  across 

US 
tbe  Bayou  St.  John,  on  the  Esplanade  Road,  New  Orleans,  La.    The  letters      ©     are 

PBM 
eot  near  the  bolt.    Elevation  Q".  1593. 

U.  8.  P.  B.  M.  3  is  center  of  copper  bolt  leaded  horizontally  in  the  east  face  of  mid- 


die  brick  gai^  ,,       of  Qcntilly  gate  on  east  aido  of  Fnir  Grounds,  Now  OtIh 
The  bolt  IB  Ie«d<      in  the  middle  brick  of  tlio  fifth  (5th)  course  above  tbe  EarfkcvS 
groniid.    The  le-L  _rB  U0S  are  cnt  near  the  bolt.    Elovalion,  7».6746. 

U.  S.  P.  B.  M.  4  is  the  center  of  a  copper  bolt  leaded  borilontally  in  wall  of  P 
Uacomb,  Chef  Menteur,  La.,  on  right-band  side  (aa  yon  go  in)  of  oatrsnce.     Tbaniji 
US  [" 

ft  moat  around  the  wall.   Tbelotters   1SQ32  arecntabontthebolt.   Elevation,  ^.5M 
PUM 

U.  S.  p.  B.  M.  5  is  a  copper  bolt  leaded  vertically  near  center  of  old  draw-bti^M 
pier,  jnnt  north  of  irou  truss  bridge  over  the  Rigolets,  near  Ktgolete  Station,  outt 
H.  O.  and  M.  B,  R.,  Ln.     Elevation,  6^,9509.  1 

U.  B.  P.  B.  M.  G  is  a  capper  bolt  leaded  in  top  of  marking-stone  set  to  within  O.t 
fl.  of  itB  top,  in  high  point  of  groond  jost  east  of  East  PearlBiver,  in  Miss.  It  u3t 
Dieters  east  of  the  vastern  pier  of  iron  tmss  bridge  over  tbc  East  Pearl  River,  on  tb 
N.  O,  and  U.  B.  R.,  and  27.3  metera  south  of  the  center  of  main  railroail  tnu;k,  b 
fence  in  front  of  land  of  Mrs.  Sarah  iielpb.     Elevation,  g^.SfiW. 

U.  S.  P.  B.  M.  7  is  center  of  eross-cnt  in  top  of  marking-stone,  marked  U.  S.,  set  1) 
ground  jn»t  north  of  north  fence  of  honse  lot  of  Pat.  Ferril,  near  Claiborne  Stntioa 
onN.  0.  avd  M.  E.R.,  UisH.  It  ia  lU  meters  soutli  of  center  of  main  track,  1'2  tnetv 
east  of  east  end  of  Htalic"-!"- —  — ■'  ""  — -'-rs  wiwt  of  west  end  of  ivoad-slieit  0 
N.  0.  and  M.  R.R.;   the  i  d  36  meters,  being  measured  pftTftU^ 

to  railroad  track.     Eleve 

U.  S.  P.  B.  M.  S  is  top  of  ^.  >d  V.  S.,  sot  in  ground  in  nortbwflg 

comer  of  sujall  yard,  in  fro^.^  .  d  which  the  section-house  at  TonlsM 

Station,  N. O. and  M.  R.K.,  Hn-  Stone  is  aboat  10  meters  soutli  it 

center  of  main  track.     Elevatio 

U.8.P.B.M.  9  is  top  of  mar!  -ked  U.  S.,  set  within  the  Boiitb««> 

cornerof  fence  surrounding  the  L  an  W infield,  near  Wavelaud  Station 

N.  O.  and  M.  R.  R.,  Miss.      The  ^-.  o  ioteraection  of  Wsveland  road  m^ 

lane,  between  the  lands  of  Mr.  Slian  nheld.    Stoue  is  about  33  meters  (hm 

southwest  corner  of  station-honse.  11™.0606. 

U.  8.  P.  B.  M.  10  is  center  of  copp_.  led  horiiontall;  in  face  of  southefl 

brick  wallof  vestibule  of  Catholic-'""  :  Saint  Louis  (Shieldsboro'),  Mi^.    B 

is  aboDt  half  way  between  side  e-  tibule  and  main  froot  wall,  and  abotn 

1  meter  above  the  ground.    Eh  .,  1. 

U.  a.  p.  B.  M.  I L  is  a  copper  1i  top  of  marking-stone,  marked  U.  & 

set  in  ground,  b;  fenc<^,  and  nef_  ..v  iu.k  .....  ler  of  fcuce  of  sonthwesi  plot  of  land 
at  intersection  of  N.  O.  and  M.  R.  R.  ...^k  an..  Front  street,  Ba;  Saint  Louis,  HiM 
It  is  about  12  meters  south  of  center  of  track,  and  514  meters  weut  of  west  tiud  a 
bridge  over  Bay  St.  Louis.     Elevation,  12".8623. 

U.  8.  P.  B.  SI.  13  is  copper  bolt  lewled  fn  top  of  marking-stone,  marked  U.  S.,  s«t 
in  ground  witliin  northwest  corner  of  fonco  surrounding  plot  of  gronnd  on  whieb 
the  tool-honae  of  N.  O.  and  M  R.  R.  section-house  No.  9  is  situated,  at  Henderson^ 
Point,  Miss.  Stone  is  abont  32  meters  wuit  of  west  side  of  house,  and  8  meters  soatl: 
of  center  of  track.    Elevation,  9™.339I. 

U.  8.  P.  B.  M.  13  is  copper  bolt  leaded  in  top  of  mark  in  g- atone,  marked  U.  S.,  st^t  is 
ground  between  piimp-houne  and  water-tank  at  Pass  Christian  Station,  N,  O.  and  H. 
R.R.,MiBa.  It  isa  little  inside  of  north  liiieofpuuip-hoiise  and  tank,  and  abont  3  mcten 
Irom  west  side  nf  pump-house.  Fnrap-house  is  about  9  meters  south  of  track.  Ele- 
vation, 9n'.73u9. 

U.  8.  P.  B.  M.  H  IB  top  of  copper  bolt  Iradud  iti  (op  of  iiiarking-Htono  aeC  in  ground 
directly  opposite  the  Now  Orleans  li^-milo  post  and  8  meters  north  of  center  of  Iraok 
of  N.  O.  and  M.  R.  R.    Elevation,  liy°.7654. 

U.S.  P.  B.  H.  15  iatopofmarhinpi-stuno  set  iDgrontid24  meters  north  of  centeroftrftok, 
aboat  673  metera  east  of  Now  Orloans  G5'niile  post,  and  about  G39  meters  w»at  of  New 
Orleana  66-mile  po^t,  on  the  N.  0.  and  M.  R.  R.  Thn;e  pine  trees,  each  marked  witli 
five  narrow  blazes,  are  near  the  stone.     Elevation.  14".  070i^. 

U.  S.  P.  B.  M.  16  is  center  of  copper  bolt,  leaded  horizontally  in  center  of  fifth  (5th) 
brick  of  the  fifteenth  (l&th)  course  above  nntcr-table,  in  Ilie  west  wall  of  Jail  at 
Mississippi  Citv,  Hiss.    The  bricks  are  counted  from  northwest  corner  of  building.   It 

U  8 
is  marked    Q        Elevation,  12". 7438. 
B  M 

U.  8.  F.  B.  M.  17  if  copper  bolt  leaded  in  top  of  marking-atone  set  in  ground  near 
west  end  of  depot  platform,  and  11  meters  south  of  center  of  track  at  BuanvoiT  Sta- 
tion, N.  O.  &.  M.  R.R.,  Miss.     Elevnlion.  U^.SaW. 

U.  8.P.  B.  M.  18  is  center  of  copper  bolt  leaded  horizontally  in  center  of  second  (Zod) 
brick  of  the  fourteenth  (14tli)  course  above  sidewalk,  in  east  wall,  near  southeast 
comer  of  brick  building  on  aonthwest  corti<-r  of  Back  Bay  rood  (or  Mule  street)  and 
Jackaon  street,  Biloii,  Miss.     Elevation,  I'J^.IOOti. 


t  Boatli  of  Illinois  Biver.    It  u  60  meters  from  «dge  of  noods  ou  Illiuola 

nd  150  iDetcrs  from  edj^e  of  woods  od  Hiasiuippi  Biver.     Elevftlioa,  134'°>.5101. 

P.  B.  U.  S  is  top  of  coppeibolt  in  topof  stooe  in  ground  innoodeat  moDtb  of 

Biver  oa  left  twiik,  157  meteis  bkck  from  river,  4  meters  east  of  fence,  15 

onth  of  road,  2,100  meteis  above  Cstbolio  Churoh  in  OraftoD,  111.,  and  wittun 

fonned  by  three  pecan  trees.     Elevation,  136°'.3645. 

P.  B.  U.  3  is  copper  bolt  in  top  surface  of  doorstep  of  Catholic  Chnroh, 

.  ItL    It  is  22  c«ntimeters  fh>m  nont  of  step,  and  13  centunetera  from  north 

Eleratian,  13»~.3116. 

P.  B.  11.  4  is  copper  bolt  in  east  end  of  doorstep  of  castera  door  in  Allen's 

lilding,  aiyoining  GraAon  Flonring  Hills,  Crrafton,  111.     It  is  104  millimeteia 

nt  anrfacB  of  step.     Elevation,  14^.0719. 

>,B.1LS  is  copper  bolt  leaded  in  tlie  nataral  rock  on  side  of  blnff  abovs 

iter  mark.     It  la  460  meters  below  flour  mill  st  Jersey  Landing,  III.,  and  itbont 

below  Qrafton,  HI.    The  letters  U.  8.  P.  B.  M.  are  cat  in  the  rook  near  the  cop- 

.    Elentiou,  141B.4305. 

?.B.M.6ia(M)ppcr  ImU  leaded  verticaUf  in  the  nataral  flat  rock;  top  of  rock 

th  anrface  of  groond.     It  is  5,600  meters  below  flout  mill  at  Jerbey  Landing, 

lies  n«sr  high-water  mark  and  about  9  meters  west  of  Ibe  month  of  small 

Rhieh  eomca  ont  of  valley  facing  tbe  "  Eagle's  Nest."    Elevation,  i:)5».0339. 

P.  B.  M.  7  is  copper  bolt  in  natnrol  rock  on  hillside,  in  woods  19  meters  abuv» 

Iter  mark,  and  3,150  meters  below  month  of  Piasa  Creek.    Tbe  letters  U.  S.  P. 

e  cot  D«ai  bolt.    Elevation,  14>>.7181. 

P.  B.  H.  6  fa  copper  boll  leaded  vertically  in  east  end  of  water-table,  on  the 

ide  of  ttifl  Alton  water  works  bnilding  in  sixth  window  from  comer,  Alton, 

M  letters  U.  S.  cnt  near  tbe  bolt.     Elevation,  13ti>°.9468. 

P.B.M.91a  copper  bolt  leaded  Tertically  in  soHtb  end  of  doorstep,  In  north 

nwr  of  German  Catholic  Chnrch  in  Alton,  111.     Elevation,  I54™.4612. 

P.  B.  IL 10  is  lop  of  copper  bolt  in  stone  post  in  groand  in  woods  on  land  of 

.._. !__   .L — .  .L — s. — j_a  — 1. .   -J- 1.:- L — d  &  miles  below 


.angnUtion  St , . 

if  road,  and  about  11  miles  below  Alton,  Ul.     There  is  a  road  leading  back 

rerpwt  tbis  beneh-mark.    Elevation,  J:i2™.!i3ia. 

P.  B.U.U  is  top  of  capper  bolt  in  atone  in  gronnd  incomer  of  grove  30  meters 

MilmWa  mad,  12.8  mika  above  steel  railroad  bridge  at  St.  Louis,  Uo.     It  is 

.of  — ,  — .  Chombsn,  about  opposite  lower  end  of  Wilson's  Island  No.  5.    EI«- 

US^Mll. 

P.  B.  H.  13  is  t(q>  of  copper  bolt  in  top  of  stone  in  gronnd  in  small  grove  on  east 

Badea  and  Saint  Loais  street-car  track,  6.4  miles  above  the  railroad  bridge  at 

xHiia.  Ho.    It  is  110  meters  aonth  of  nortbem  terminns  Baden  street-oar  track. 


■  OP  THE  CHii:r  or  usaiVEEitB,  u.  s.  aemt. 

is 99-A ««otimet«r  fromfnmt  faroukd  10«c<itiiii«t«iairMt  of  bnttreos  a4joiniagdM 
atep,     Elrrmtion.    5^.3161.  | 

C.S.P.B.H.17.JIOTI  of  a>po0  boltk    '■  "    ■  •     -         ■    ■ " 

■trpof  E.  UacUcr's  stom,  nortb  of  WMlt 
CaroDdrld,  Uo.     Elevalion.  13^.6820.  ' 

U.  S.  F.  B.  H.  19  ia  ^mer  of  mpptr  twit  le^ed  borisontellr  iu  water-table  in  aatt 
UM  cr/mfT  of  gaaiA-bmimti,  mi  Jtaenoo  BMTaeki^  Uo.     Eloration.  I56".%*SI3.         |' 

V.  8.  P.  B.  U.  19  iB  tmaba  of  oipper  liolt  Isjded  IitiTiioiitally  io  eaat  fars  of  1141 
Id  fonrtb  cnarae  from  t(^  infaat  wid  of  rnlTert  at  Cliff  CaT^.'Mo.,  on  Iroo  UoantB 
Railroad.     Elevation,  19e".19«9.  ' 

V.  S.  P.  B.  M.  80  ia  tc^  of  copper  bolt  leaded  wnically  id  opper  HarTiio^  of  tU 
•tone  btno  top.  io  aoatb-wcal  letaJDing  trail  of  arotiri  cnlfert,  oyer  While  Hott 
Civek.  uo  Iroa  Moaotain  Bailioad.    ElcTatioo,  131^.0967.  '] 

U.  S.  P.  B.  M.  21  is  top  of  eoppn  bolt  leaded  vertioallf  in  top  etoso  directly  e« 
keyatone  of  an.-b  od  Donh  aide  of  arcbed  colTert,  £50  meters  below  JeBertwn  Statia 
Ho.,  on  Iron  Monntain  Rulioad.  The  letter*  n.S.P.  B.M.  are  cut  near  the  bol 
KlevutioD.  l.'i(P.I>46Q. 

U.  S.  P.  it.  II.  22  ia  top  of  copper  1>olt  leaded  vcrticallj  in  eontbem  abotment  ■ 
•outbem  approach  to  railtuM*  )>«"•"■>  "■•  TmT  Moantain  Eailrosd  nt  KimiDswW 
Mo.     ElevalioD,  13»>.ee(  1 

U.S.P.B.M.23  IS  cent 
northeast  comer  of  M)ut._  f 

■t  Snlphnr  SfirioEB,  Mo.     E^ - 

U.  S.  P.  B.  M.  »*  is  center  of  i  adod  borixoi) tally  in  ijatut«l  roet  ! 

OTerhBDging  bluff  1.000  meten  I  boaM  ai  niinois  Station,  Mo.     Thla 

the  &nt  Utuff  that  in  seen  fronv  -  ,  etandiog  opponMe  poiot  where  Itl 

MoDDlain  Railroad  leaves  Mississip  Eleyation,  ISI'Q.T^SS. 

U.  S.  P.  B.  M.2&  ia  top  of  copper  ^  —    I  vertic.-UI;  in  Cornice  Rock,  about 

meters  froiu  river  etl^  of  rock,  and  !,.~,,  neters  soath  of  foot  of  Cornice  Islaa 

and  l.OQOmetenwiulbofiQOUtbof  Plati  :  Creek,  JeSerijon  Co.,  Mo.    Elovatln 

15J3".e39a. 

U.  S.  P.  B.  H.  26  is  top  of  copper  boll  TerticaTly  in  top  of  Robber's  Rock,  I 

north  side,  and  1.736  meters  atwVe  Bnsl  Mo.     Bobber's  Rock  ia  large  sandetM 

on  beach,  and  is  plainly  visible  for  thn.^.... sofa  milenp  or  down  the  river.    Bl 

valion,  ia4«>.6&7S. 

U.S.  P.  B.H.SiT  ia  center  of  copper  bolt  leaded  horlEontalty  in  limestone  wall  {ostn 
rock),  at  Rnsb   Tower,  Mo.,  and   11  moteis  from   post-offlre  boildioK.     Elevatia 

ia«>".67yo. 

U.  8.  P.  B.  M.  28  is  lop  of  copper  bolt  leaded  yerticallv  in  largo  limestone  bowld 
on  beach,  1,000  meters  above  Bricke^'s  Mill,  Cliff  P.  O.,  ^te.  Oenevieve  Co.,  Mo.  Tl 
beach  is  a  little  lower  than  extreme  high-water  mark.    Elevation,  l*il'°.i)487. 

U.  S.  P.  B.  M.  29  is  center  of  copper  bolt  leaded  horizontally  in  limeetone  wa 
(natural  rock)  at  end  of  blaff  about  4  meters  nortb  of  a  red  oah  tree,  about  30  mete 

north  of Maple's  faim-house  and  three  miles  below  Cliff  P.  O.,  Ste.  Genevieve  G 

Ho.  This  bench-mark  in  aboutone  foot  above  surface  of  ground  at  base  of  blnff  al 
is  about  8  meters  above  high  water-mark.     Elevation,  131'°.0374. 

n.  S.  F.  B.  M.  30  is  center  of  copper  trait  leaded  horizontally  in  natural  rock  1,51 
meters  above  White  Sand  Depot  Landing,  Ste.  Genevieve  Co.,  Ho.  II  is  <ibont  3! 
meters  north  of  southern  end  of  bluff.  The  letters  U.  S.  P.  B.  U.  are  cnt  near  the  hoi 
Elevation,  124'°.6871. 

U.  S.  F.  B.  M.  31  is  center  of  copper  bolt  leaded  hori lout-all;  in  natural  rock  wa 
14  meters  uortb  of  a  spring  at  Limestone  Point,  Sin,  Genevieve  Co.,  Mn.,  and  is  aboi 
H  miles  above  Ste.  Genevieve,  Uo.  The  letters  U.  S.  P.  B.  M.  ore  cut  around  the  bol 
Elevation,  13*°.WM3. 

U.  S.  P.  B.  M.  32  is  top  of  copper  bolt  leaded  vertically  in  west  end  of  doorstep  c 
south  side  of  Rozier's  warehouse,  sontltwest  comer  Main  and  Washington  stinete,  8t 
Genevieve,  Mo.    Elevation,  125'".1JJ43. 

U.  8.  P.  B.  M.  33  is  center  of  copper  bolt  leaded  horizontally  in  south  aide  «t  oovtl 
east  corner  of  public  school  building  in  Ste.  Genevieve,  Ho.,  fonr  inches  from  ooTltr 
in  Bftb  course  of  stones  below  the  bricks.  The  letters  U.  S.  P.  B.  M.  are  cat  net 
the  bolt.     Elevation,  128" .3151. 

U.S.  P.  B.M.  34  is  center  of  copper  bolt  leaded  horizontally  in  east  face  of  large  m 
ner-8tone  of  engine-house  of  Qiianytown  Grindstone  Works,  at  Qnarrytown,  Ho 
three  miles  below  Ste.  Genevieve,  Mo.  The  letters  U.  S.  P.  B.  M.  are  out  near  tl 
bolt.     Elevation,  133>i'.2542. 

U.  8.  P.  B.  M.  35  is  center  of  copper  bolt  letuled  hortzontallv  in  west  end  of  wate 
table  in  southweet  comer  of  storuhonau  belonging  to  E.  S.  Lanbaugh,  on  nortbeai 
corner  of  Second  and  Walnut  streets,  Ste.  Mary's,  Ho.  The  bolt  is  countersnnk  aboi 
6  millimeters  in  the  stone.  The  letters  U-  8.  P.  II.  H.  are  cut  near  the  bolt.  Elen 
tion,  liM".66l7. 


ArPEEn>IX  T  T ^BEPOBT  OF  MISSISSIPPI  RIVEB  C0KMIS8I0N.      2539 

U.  8.  P.  B.  M.  36  is  center  of  copper  bolt  leaded  horizontally  in  eonth  weet  comer  of 
I  Boandstone'a  ice-hoaae  on  east  side  of  Walnat  street,  Ste.  Mary's,  Mo.  The 
U.  S.  P.  B.  M.  are  cat  near  the  bolt.    The  bolt  is  in  fifth  coarse  of  stones  from 

L    EleratioD.  ld^.7787. 

U.  8.  P.  B.  M.  37  18  top  of  copper  bolt  leaded  vertically  in  stone  post  set  in  ground 
ii woods  aboat  4  milee  below  Ste.  Mary's,  Ste.  Qeneyieve  Co.,  Mo.  It  is  990  meters 
iMik  from  liTer  and  84  meters  west  of  lane  rnnning  soatb  from  river  road.  Lane 
tarn  off  from  river  road  in  vicinity  of  John  Lawrence's  house.  This  bench-mark  is 
1  MP  W.  from  farm-hoase,  7  meters  N.  75°  W.  from  ash  tree,  and  4^  meters  N.  b2P  E. 
in  box-elder  tree.    Elevation.  118».  1124. 

U.  8.  P.  B.  M.  38  is  horicontal  copper  bolt  in  water-table  of  drag  store  northeast 
MB*  of  Srhnehert's  Block,  Chester,  III.    Elevation,  122<°.0907. 

U.  &  P.  B.  M.  39  is  horicontal  copper  bolt  in  front  face  of  Cole  Brothers'  stone  ele- 
vrtsr,  1.38  meters  east  of  the  eonthwest  comer  and  the  same  distance  above  the 
tfmid^  1,840  meters  below  Chester,  111.    Elevation,  122".2673. 

U.  8.  P.  B.  M.  40  is  top  of  copper  bolt  in  stone  monument  set  in  sontheast  comer 
rf  woods  576  meters  back  from  a  long  lane  Just  west  of  lar^  wheatfield  from  turn  of 
nsd,  40  meters  north  of  farm-house  of  Marcos  Peto.  It  is  2  meters  south  of  elm 
tns  4  feet  in  diameter,  12  meters  west  from  hack  berry  tree  18  inches  in  diameter,  and 
M  meters  northwest  of  house  not  occupied.    Elevation,  118^.0519. 

U.  &  P.  B.  M .  41  is  top  of  copper  bolt  in  stone  in  ground  50  meters  south  of  end  of 
hat,  I  meter  from  fence,  1,420  meters  back  from  river  at  Bois  Brul6  P.  O.,  Perry  Co., 
U.   Elevation,  116».5760. 

ILSlP.  B.  IL  42  is  center  of  copper  bolt  set  horizontally  in  vertical  face  of  natural 
wA  si  npper  extremity  of  bluff  643  metres  below  Grand  Eddy  post-office,  Perry  Co., 
lUi  R  is  about  3|  meters  below  upper  end  of  U.  S.  water-gauge,  and  14  meters  below 


npper  point  of  the  bluff  rocks.    The  letters  U.  S.  r.  B.  M.  are  cut  in  the  rock 
MS  the  bolt.    Elevation,  119».4256. 

XL  S.  P.  B.  If.  43  is  center  of  copper  bolt  leaded  horizontally  in  a  larse  rock  in  the 
voods aboot  4  miles  below  Grand  £ddy.  Perry  Co.,  Mo.  It  is  740  metera  below  a  house, 
DSaetets  back  from  the  river,  and  30  meters  back  from  edge  of  timber,  and  at  the 
Qfcr  end  of  a  atretch  of  prairie  land  which  extends  down  to  76  landing.  Elevation, 
U^.7714. 

ULfli  P.  B.  M.  44  is  top  of  copper  bolt  leaded  vertically  in  a  large  bowlder,  10  feet  by 
Mftet  by  6  feet-,  6  metere  from  edge  of  bank,  17  meters  above  second  gate  above  farm- 
koMs  of  Xapoleon  Gill,  100  meters  above  bam  on  Cape  Cinque  Hommes,  Perry  Co., 
Va,  sad  3|  miles  above  Wittenberg,  Mo.    Elevation,  11^.5512. 

U.S.  P.  B1  M.  45  is  center  of  copper  bolt  leaded  horizonl  ally  in  stone  foundation- wall 
if  ^ttenberg  Flouring-Mill,  at  Wittenberg,  Mo.,  on  side  facing  the  river  between 
tte  ground-floor  door  and  down-river  comer  of  mill.    Elevation,  116™.59G4. 

U.  8.  P.  B.  M.  46  is  center  of  copper  bolt  leaded  horizoutally  in  east  face  of  rock,  2 
■rten  east  of  road,  400  meters  below  Wittenberg,  Mo.  It  is  situated  between  the 
WsMs  of  Dcoiny  and  Tucker,  23  meters  from  the  ^rmer  and  31  meters  above  the  lat- 
tff'ihoQse.  It  is  11  meters  below  Denny's  shop  and  29  meters  above  Tucker's  bam. 
DniKion,  116".4716. 

r.  8.  p.  B.  M.  47  is  top  of  copper  bolt  leaded  vertically  in  the  point  of  rocks  95 
■Heis  below  "Tower  Bock,"  Perry  Co.,  Mo.,  and  opposite  the  upper  end  of  Grand 
Tsrer,  111.  It  is  13  meters  east  of  an  iron  bolt  leaded  vertically  in  the  rock  and 
Buked  ^  U.  S.  53."  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  copper  bolt.  Eleva- 
lioiL  Ul>  0031. 

•  U.  8.  P.  B.  M.  48  is  centerof  copper  bolt  leaded  horizontally  in  face  of  rock  at  Birmlng- 
kan  Point,  Perry  Co.,  Mo.  It  is  813  meters  above  the  mouth  of  Appld  Creek,  and  2&( 
ArteiB  above  a  scrubby,  gnarled  sycamore  tree  growing  in  the  rocks.  The  rocks  here 
ve  conglomerate  in  horizontal  strata,  and  from  the  river  present  the  apx>carance  of  a 
iUirway.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt  in  the  rock.  It  is  about 
30  meteis  above  a  living  spring,  which  comes  up  out  of  the  gravel  just  below  the 
itnUofrock.    Elevation,  110>».03l7. 

U.  8.  P.  B.  M.  49  is  top  of  copper  bolt  leaded  vertically  in  the  bluff  rock  3,655  meters 
Uow  month  of  Apple  Creek,  Cape  Girardeau  Co.,  Mo.  In  front  of  this  bench-mark 
•n  three  very  large  rocks  standing  out  from  the  bluff  and  partly  detached  therofrom. 
Qevstion,  110".2011. 

I'.  6.  P.  B.  M.  50  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  in  river 
Unff  712  meters  below  rock  called  ''The  Devil's  Tea  Table,"  in  Cape  Girardeau  Co., 
Ho.    Elevation,  110«.2257. 

t.  8.  P.  B.  M.  51  is  center  of  copper  bolt  leaded  in  the  steeply-inclined  face  of  the 
Iw  reliable  ledge  of  rocks  of  the  chain  extending  south  from  Moccasin  Springs,  Mo., 
>&d  at  the  point  where  tbe  bluffs  begin  to  recede  from  the  river  2,500  meters  above 
Biinbridge  Creek.    The  letters  U.  8.  aro  cut  in  the  rock.    Elevation.  109°*.  1341. 

U.  8.  P.  B.  H.  52  is  a  horizontal  copper  bolt  set  in  vertical  face  of  ledge  of  rocks  35 
ceBtimetcn  thick.    The  bolt  is  1.2  meters  above  the  ground,  is  775  meters  below  Henry 
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T  OP  THE  CHIEF  OP  ENOIKEEBB,  U.  8.  ABHT. 

SbineniMi'e  bonso  and  56.'>  la 

Kbove  north  end  o(  Cape  Rock,  Cape  Girardpun  C( 

land  of  Klislis  Shoppard'e  heirs.    Elevation,  ll»».f.7< 

U.  S.  P.  B.  M.  5.1  is  center  of  baibuDtal  copp«r  bolt,  set  in  rerticnl  face  of  If 
Just  below  a  rariue  at  the  loner  end  of  Capo  Bock.  Ita  elevatioti  is  about  | 
water.     Elevation,  10«=.7640. 

U.  S.  P.  B.  M.  54  is  a  horizontal  copper  bolt  in  the  outer  vortical  face  of  at 
rtep,  which  eitouds  nnder  buttress  at  the  northeast  corner,  aecond  entrance  ftom   , 
Docth,  lo  Marble  City  notel,  on  Water  street.  Cape  Girardeaa,  Ho.      Elcvatiol 
111'".7495. 

U-  8.  P.  B.  M.  55  is  horizontai  copper  bolt  in  vertical  fiwe  of  good  homogesoM 
havd  rook,  jast  below  and  near  the  sontheast  comer  of  St.  Vincent's  Cultecc,  aM 
45  njolcjTB  west  of  river,  in  sonth  part  of  Cape  Girardean,  Mo,     Elevation.  1I*».T11 

U.  S.  P.  B.  M.  5^  is  horizontal  brass  kej,  in  vertical  face  of  solid  ruck  of  MB 
hard  bomo^eneons  sandstone,  or  granite,  very  white  when  cat.  I^ge  forms  budu 
liver,  and  is  at  lower  end  of  Ca\ie  Girardoaa,  in  front  of  Rt.  Vincent  CoUego.  ul 
about  IKt  ou'Mn  east  of  railroad  track.     Elevation.  IffT^.ViiT. 

U.  8.  P.  B.  BI.  07  is  center  of  horizontal  copper  bolt,  set  in  sniootU  vertical  fad 
in  ledge  of  bine,  or  gra^,  lioiiwIoDe,  at  its  upper,  or  western,  extremity,  on  the  lum 
the  Taylor  estate.     It  is  I  ground,  1  meter  below  top  of  vertii 

rrt,  and  10  meters  belo ..  disappears  under  the  isround.     IV^ 

70°  E.,  75  molers  from  n  Creek,  and  1,^74  nietere  above  loiM 

U.  8.  water-gauge  at  Gray's ,  just  iu  view  of  the  lower  part  of  Cij 

Girardeau,  Mo.    The  letters  ,^.  u.  i  i  cat  iu  the  face  of  the  rock.     Elm 

tiou,  110™  .90M. 

IT.  8.  P.  B.  M.  58  is  center  mar<^  '  tal  copper  bolt  leaded  in  the  vertid 

face,  lookiUK  toward  the  river,  oi  le  of  three  largo  rocks,  Ihe  lowest  u 

largest  of  which  forms  the  bank  .    and  is  known  as  "  Counterfeit  Boaki 

or  "fitaudinjc  Bock  of  Ihe  Grand  Lx>^  ~  is  10  meters  from  the  top  of  tberin 
bank,  60  meters  above  the  line  betwoe  I  hew  Roo  and  H.  S.  Wray,  COO  ineta 
above  Wray'.t  Landing  on  the  land  of  ■  itthew  Boe,  situated  abnnt  tbre«  mill 

above  Com merco,  Mo.     It  is  about  (i.i  ibove  the  groaud.    The  letters  U.8.I 

B.H.  are  cnt  in  the  rock.     Elevation,  ). 

U.  8.  P.  B.  M.  bS  id  the  center  of  a  .  ital  copper  bolt  leaded  in  the  Btoes( 

Inclined  face,  looking  toward  the  river.  .rire  silicious  rock  mostlv  covemd  wH 

earth,  being  one  of  a  gronp  of  man;  ii  .     .  _   . 

in  Commerce.     It  is  0.6  meters  above  the  gri     ud,  and  about  60  m  . _ 

river,  the  eround  rising  in  this  distance  15  iu.jters.  It  is  in  a  shallow,  rock;  ravin 
at  upper  side  of  the  Rrst  strip  of  cnltivateil  land,  near  Ihe  river,  aontb  of  the  blofl 
ou  land  of  Mrs.  C.  Halfner.  The  lettets  U.  8.  P.  B.  M.  ore  out  in  the  rock.  Elo*) 
tion,  118°'.7540. 

U.  3.  P.  B.  M.  60  ispoint  in  eenterof  horizontal  coiiper  boll  leaded  in  vortical  facet 
ledge,  looking  toward  the  river  0.55  metres  above  the  ground  and  3.37  metres  aboi 
theTiigh  water  of  1853.  The  top  sorface  of  this  rock  or  ledge,  which  extends  acMi 
the  street,  forma  the  road  bed.  It  is  Just  in  front  of  a  point  about  30  meters  abov 
Wm.  Anderson's  large  brick  house  on  clcvntitd  si  to  at  the  uorth  or  upper  end  of  Con 
merce,  Ikfo.  Tbero  are  alargenumber  of  large  pieces  of  rock  lyinc  on  the  bank  bei 
that  have  from  time  to  time  rolled  down  from  tlio  same  general  ledge,  bnt  Ihe  OD 
selected  is  so  large  and  extends  back  in  the  bank  so  far  that  it  is  reliable.  Elen 
tion,  110™. 5032. 

U.  S.  P.  B.  M.  61iscenterof  horizontal  copper  bolt  »et  in  front  or  east  faceof  foandi 
tion  of  Wm.  Anderson's  large  brick  dwelling-houK  at  the  upper  end  of  Commerce,  M( 
It  is  2  meters  north  of  center  of  front  entrance  and  36  coutimeti're  above  the  ground 
Elevation,  IIG". 6.107. 

U.  8.  P.  B.  M,  62  is  mark  in  cent«r  of  horizontal  copper  bolt  set  in  the  vertical  &« 
of  the  northwest  abutment  of  stone  culvert  under  road  over  Muddy  Creek,  1  metc 
above  tbo  ground,  75  meters  from  the  top  of  the  river  bank  and  1,960  metetv  abov 
Santa  K^  Store,  which  latter  is  opposite  Commerce,  Mo,,  iu  the  State  of  111 iooia.  Thi 
foundation  or  masonry  rests  on  the  natural  rock.  The  letters  U.  S.  P.  B.  H.  aie  ea 
iu  the  rock  near  the  bolt.    Elevation,  104'" .6078. 

U.  B.  P.  B.  M.  63  is  135  meters  right  uji  the  same  creek  (Muddy  Creek)  in  the  lei 
hand  ravine  going  up  from  the  culvert  in  which  is  U.  S.  P.  B.  M,  62.  It  is  ceutero 
copper  bolt  set  in  vertical  face  of  a  very  largo  rock  on  part  of  the  ledge  jnst  on  tb 
right  of  the  creek  going  up,  1.5  meters  above  the  ground,  1.5  meters  below  the  to, 
of  the  rock,  and  2  meters  Irom  the  projecting  end.     Elevation,  106™ .(067. 

U.  8.  P.  B.  M.  64  is  top  of  copper  bolt  in  h)p  ot  stone  In  ground  1,260  meters  bad 
from  river,  1  meter  north  offence  on  nOrlh  side  of  road  lending  east  from  Go<W  lalam 
P.  0.,  or  Atherton's  Landing,  about  19  miles  above  Cairo,  111.     Elevation,  107". 5416 

U.  8.  P.  B  M.  65  is  top  of  copper  bolt  in  top  of  stono  in  groun<l  iu  wooda  «bon 
1,500  met«r8  back  ftom  river,  and  BJ  miles  above  Cairo  Post-Offloe,  Alexander  Co. 
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L  It  IB  96  meters  from  graded  road  (otherwise  known  as  leyee),  and  93  meters 
school-house  for  neg^roes^  and  2i  miles  below  Spies'  Mills.  Elevation,  103™. 4605. 
.  P.  B.  M.  66  is  top  of  oopper  bolt  in  stone  post  in  oi»en  woods.  It  is  61  meters 
a  point  on  the  I.  C.  R.  R.,  which  point  on  the  railroad  is  391  meters  north  ox 
bree-mUe  post''  from  Cairo.  111.    Elevation,  101>°.4777. 

PnON  OF  FKBMAlODfT  BXNCH-MABKS  BBTWBEN  KEOKUK,  IOWA,  AND  QRAFTONy 

ILL. 

P.B.M.  1  is  top  of  copper  bolt  leaded  vertically  into  coping  of  shore  side  of 
oek  of  Des  Moines  Rapids  Canal,  Keokok,  Iowa.  Bench  is  m  recess  between 
tens  and  stone  pier  of  lower  hydraulic  tower,  on  south  side  of  pier.    Elevation, 

no. 

P.  B.  M.  2  is  copper  bolt  leaded  horizontally  in  south  face  of  Iowa  shore  pier 
.  bridge,  Keokuk,  Iowa,  8  inches  above  bench  of  pier,  in  the  tenth  stone  from 
id.    Elevation,  156n.7516. 

P.  B.  M.  3  is  copper  bolt  leaded  horizontally  in  southwest  corner  of  three-story 
oilding,  owned  by  Mr.  Patterson,  facing  on  Water  street,  second  door  from  cor- 
fohoson  street,  Keokuk,  la.,  8  inches  above  west  door-sill,  on  inner  side  of  outer 

0  feet  from  comer  of  Water  and  Johnson  streets.    Elevation,  161"^.  3896. 

P.  B.  M.  4  is  small  conical  hole  in  rock  at  intersection  of  cross-cut  in  upper 
of  top  stone  of  buttress  of  Des  Moines  River  bridge.  Elevation,  158°^.  4243. 
P.  B.  if .  5  is  copper  bolt  leaded  horizontally  into  north  wall  of  brick  building, 
from  northeast  comer,  and  three  feet  fh>m  ground.  Building  is  in  upper  end 
andria.  Mo.,  facing  river,  and  60  feet  from  bank.  The  north  wall  faces  slough 
Dg  into  river,  and  60  meters  from  it.  Building  owned  by  Chas.  Becker ;  post- 
teat  ed  in  building.    Elevation,  1&8°>.  0087. 

P.  B.  M.  6  is  copper  bolt  leaded  horizontally  in  upper  comer  of  stone  masonry 
it  side  of  northeast  comer  of  Baptist  Church  at  Gregory's  Landing,  Mo. 

1  iM  150  meters  north  from  Junction  of  railroad  and  wagon  road.  Elevation, 
90. 

P.  B.  M.  7  is  copper  bolt  leaded  vertically  in  marking-stone  set  at  root  of  oak 

I  meters  west  orrailroad.    Stone  is  1. 7  meters  west  of  tree  in  northeast  comer 

1,  10  meters  south  of  small  ravine,  650  meters  below  bridge  No.  14.    Tree  is  12 

in  diameter.    Elevation,  157°*.2349. 

P.  B.  M.  8  is  copper  bolt  leaded  horizontally  in  north  wall  of  Down's  HoteL 

1,  Mo.    Bolt  is  in  fifth  stone  from  ground,  fourth  stone  from  corner  of  wall  made 

-e  door  entrance,  and  in  second  stone  from  first  window  west  of  office  entrance. 

8  on  southwest  comer  of  Lewis  and  Fifth  streets.     Elevation,  156™.  7856. 

P.  B.  M.9  is  copper  bolt  leaded  horizontally  in  east  side  of  back  foundation  of 

Q  Methodist  Episcopal  Church,  corner  of  Sixth  and  Washington  streets,  Can- 

1.    Bolt  is  in  third  stone  from  ground  and  in  second  from  north  comer,  and 

r  under  window  facing  east.    Elevation,  156°'.5849. 

P.  B.  M.  10  is  copper  bolt  leaded  vertically  in  top  surface  of  sontheast  comer  of 

botment  of  railroad  bridge  No.  35  over  Wyaconda  Creek.    Bolt  is  2  feet  from 

Me,  4  feet  from  east  face  of  abutment,  and  about  1  mile  above  La  Grange,  Mo. 

on,  lo3"».6120. 

P.  B.  M.  11  is  copper  bolt  leaded  horizontally  in  northeast  corner  stone  of 

lierry  &,  Schneiuer's  tobacco  works,  situated  on  southwest  corner  of  Wash- 

stre«rt  and  K  and  St.  L.  R.  R.  at  Lagrange,  Mo.    Bolt  in  in  east  face,  15  inches 

troer  of  stone  and  2  feet  from  ground.    Elevation,  153'".5792. 

P.  B.  M.  12  is  center  of  copper  bolt  leaded  horizontally  in  third  course  of  masonry 

ottom  and  ninth  from  top  of  west  abutment  of  Quincy  R.  R.  bridge.  West 

,  Mo.     Bolt  is  in  north  face  2  inches  from  east  corner.    Elevation,  151'".7187. 

P.  B.  M.  13  is  copper  bolt  leaded  vertically  in  top  surface  of  top  stone  of  north- 

rnvr  of  north  pier  forming  south  face  of  north  abutment  of  covered  railroad 

over  the  Fabius  River.    Bolt  is  near  the  center  of  stone  5  feet  below  and  8  feet 

rail.    Elevation,  151«>.9146. 

P.  B.  M.  14  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  stone,  form- 

•t  end  of  north  pier  to  railroad  bridge  over  North  River.    Bolt  is  8  inches  from 

^ge  of  stone,  2  feet  from  west  edge,  and  14  inches  from  base  of  strut.    Eleva- 

50".8066. 

P.  B.  M.  15  is  copper  bolt  leaded  vertically  in  stone  post  set  in  northeast  corner  of 

ited  field,  5  meters  from  wagon  road,  15  meters  west  of  railroad,  20  meters  from 

me  of  two  elm  trees  standing  alone  in  wagon  read,  fence  forming  line  between 

snd  cultivated  ground,  466  meters  north  of  Hilton  Station.    Elevation,  149°^.7508. 

P.  B.  M.  16  is  copper  bolt  leaded  horizontally  in  face  of  natural  rock  at  east 

ce  of  tunnel  at  Missouri  end  of  railroad  bridge  at  Hannibal,  Mo.    Bolt  is  in 
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md  OD  Boalh  side  of  tnnuel,  7  foet  south  of  entiaccc  and  »botit  4  A 

ElevatioD,  I5r>>°.fi651. 
'  is  copper  bolt  leaded  vertically  in  lop  sarface  of  east  etoQe  of  aai 
a..  a!l    railroad   bridge   I   mile   below   UaQnibal,  Mo.,  and  50  lueli 

m  a  of  Mr.  JoboBoii.     Elevatioo,  14T'°.S0I)9.  '• 

».  u.  1 .  >..  IS  is  copper  bolt  leade<l  verCiuully  ia  top  of  top  course  of  lOBaaiaj- 
river  side  •  rth  eud  of  principal  abotuieot  of  rn,ilroad  bridge  aerosa  Lick  Cr~~ 

800  melera  r  depot  at  Savertoa,  Mo.     Elevation,  147".3d01. 

U,  S.  P.  L.  ai.  19  is  locirkiiig-stoae  plaiit«d  in  comer  of  yard  of  CathariDo  H*ya 
miles  Boatli  of  Saverton,  H  miles  above  Ashbam.  Stone  is  8  meters  iiiiiitliuii rf 
southwest  corner  of  bouse,  and  'ib  met«rB  from  river  bank,  a  Uttle  below  dam  at  Q 
bert's  Island.     Elevation,  151'°.7497.  ' 

U.  S.  P.  B.  M.  20  is  copper  bolt  set  vertically  in  top  of  marking-sloue  set  on  B 
of  rail  fence  8  meters  nnst  of  large  maple  tre«ou  east  bauk  of  small  creek  bed,  3  auM 
north  of  bridge  over  creek.  Stone  is  7  meters  south  of  nagon  road,  IT  met«ra  in 
of  railroad,  23  meters  south  of  soQth  corner  of  house  of  Mr.  Warner,  and  i  mile  nof 
of  Ashburn,  Mo.     Elevation,  150™ .5762. 

U.  S.  P.  B.  M.  21  is  markiag-stone  planted  in  east  edse  of  cultivated  Qeld  about 
meters  from  south  bank  of  Salt  Giver,  at  place  where  Keokuk  and  Saint  LonisBailza 
o  the  west  of  track,  nearly  oppcMl 


idge.  Elevation,  145™.3055. 
Hcally  in  markiug-stone  in  sonUiin 
tad  ono  south.  Sotilh  fence  stona 
I,  on  east  and  west  fence.  Slona  li 
ntb  ofSalt  River.  Elevation.  lie<».9a 
isontally  In  first  layer  of  stone  beli 
s  northwest  comer  of  Wator  and  HI 
>  north  of  door  in  same  wall  of  bnildit 

y  in  top  surface  of  top  stone  fonnT 
railroad  bridge  over  Mississippi  Bil 
I  the  surjiice  of  the  stone.     Elevalil 

-  bolt  in  side  of  natural  rock  7  mnli 
14  inches  in  diameter,  on  bank  aboi 
and  6,000  meters  below  railroad  brU 
Five  notches  cut  in  tree^     Elevath 


the  south  end  of  the  tl 

U.  S.  P.  B.  M.  22  is 
fence  comer  of  ftnce  \ 
comer,  and  begins  agaii 
meters  west  of  railroad  t- 

U.  S.  P.  B.  M.  23  is  o< 
brick  in  northeast  fiice 
streets,  Looisiana,  Mo.    Dt..„  „ 
Elevation,  148».9718. 

U.  8.  P.  B.  M.  24  is  copper  boil 
the  northeast  comer  of  the  w 
at  Louisiana,  Mo.      Top  of  I 
14fP".6907. 

U.  S.  P.  B.  M.  25  is  center  - 
sontb  of  railroad,  9  meters 
GOO  meters  below  railroad  lir 
across  Miseriseippi  River  at  ±jv, 
147'".292e. 

U.  B.  P.  B.  M.  26  ifl  copper  bolt  leaded  vcrticaHy  in  top  of  marking-stone  aet 
intersection  uf  two  Tences  on  south  side  of  lane  and  west  of  railroad.  Lane  is  5  tuei 
wide.  The  north  fence  stops  before  it  reaches  as  far  east  as  the  sontb  fence.  A  sm 
creek  is  3  meters  north  of  tho  north  fence.  A  row  of  apple  trees  ia  just  inside) 
north  funce.  Stone  is  5^  meters  west  of  railroad  and  15  nietcrs  west  of  river ;  atH 
CO  meters  east  of  old  log-house  of  Peter  Yaeger,  and  about  3  miles  above  ClarksHl 
Mo.    Elovntioo,  14ti"'.6472. 

U.  8.  P.  B,  M.  97  is  center  of  horizontal  copper  bolt  leaded  in  the  natural  rock 
side  of  small  bluff  bank  'H  meters  east  of  railroad  track,  below  wagon  road,  13  met 
from  river  bank,  440  meters  above  vinegar  works  at  Ctorksville,  Mo. ,  and  120  met 
below  ntoulh  of  Calumet  Creek.  It  is  between  railroad  and  bouBa  of  Philip  Bedl 
Elevation,  14ai".0[83. 

U.  8.  P.  B.  M,  23  is  copper  bolt  leaded  horJEontally  in  the  sontheaat  oomer  ■(« 
of  Carroll  House,  Clarltsville,  Mo.  Stone  is  at  the  head  of  stairs  leading  to  baaenMi 
Bolt  is  set  in  south  faoe  of  stone  about  10  inches  above  the  sidewalk.  Bleratii 
1«".5610. 

U.S.  P.  B.M.29  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  maridi 
stone  set  in  the  ground  5  meters  east  of  the  Siij  Levee,  opposite  Clarksville,  H 
about  50  meters  east  of  ferry  landing  in  Calhoun  County,  IlticolB.  Stone  is  2S0  met 
along  the  levee  below  where  levee  crosses  chute.     Elevation,  14S™.8844. 

U,  8.  P.  B.  M,  30  is  copper  bolt  leaded  vertically  in  top  surface  of  maiking-atose  i 
in  the  ground  on  oast  side  of  Sny  Levee  at  interaection  of  plantation  road,  on  sontb 
road,  which  crosses  levee  and  continues  to  the  river.  Levee  is  50  meters  eastof  riv 
A  large  elm  stump  6  feet  in  diameter  and  10  feet  tall  stands  in  the  road  20  met 
west  of  levee.  Stone  is  opposite  Island  Ho.  463,  about  one-third  its  length  sboT0 1 
lower  end,  and  about  'H  miles  below  U.  S.  P.  B.  M,  29,  opposite  Clarksville.  Elevstli 
142».e6ei. 

n.  S.  p.  B.  M,  31  is  copper  bolt  loaded  vertically  in  top  of  raarkinK-stone  set  on  ei 
aide  of  levee  at  its  base,  4  meters  east  of  the  middle  of  levee,  in  fence  comBr 
closing  field  with  woods  on  north  side  and  levee  on  west  side.  It  is  about  100  meti 
east  of  river  and  175  meters  northwest  of  house  occupied  by  Mx.  Gain  and  owned 
Mesar*.  Bock  and  Bakar.     Elevation,  142^.0102. 
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U.  S.  P.  R IL  32  Jb  eonical  hole  in  top  surface  of  rock  proiecting  from  side  of  wagon 
•d,  aboat  half  way  np  steep  hill  on  north  l>ank  of  small  stream,  10  meters  north 
if  niddle  of  stone  oolvert.  Rock  is  at  root  of  two  poplar  trees  growing  about  1 
feoC  apart.  Bench  is  at  intersection  of  cross,  6  inches  from  west  edge  and  10  inches 
from  Boath  edge  of  rock,  and  abont  50  meters  east  of  east  shore  of  Hamburg  Bay. 
BiTatkm,  14tj".ti000. 

U.  fi.  P.  B.  M.  33  ia  top  of  copper  bolt  leaded  vertically  in  top  surface  of  natural 
hA  pnijeeting  from  east  side  of  wagon  road  abont  240  meters  south  of  house  of  Mr. 
Hhrfipiith,  and  about  4  miles  north  of  Hamburg,  ill.     The  bolt  is  18  inches  from 
*,  and  10  inches  from  the  two  sides  of  the  stone,  only  one  corner  of  which  pro- 
Elevation,  163B.0372. 

U.&P.  B.  M.34  ia  copper  bolt  leaded  horizontally  in  the  north  face  of  natural  rock 
faBiay  aonth  side  of  toe  first  creek  south  of  Hamburg,  Calhoun  Couuty,  Illinois. 
Bnek  IS  about  120  meters  east  on  road  from  where  the  road  makes  a  sharp  bend  from 
■■thto  cast.  There  are  a  mill  and  two  houses  at  the  turn  of  the  road.  Bench  is 
ikoat  5  meters  north  of  fisnce  around  orchard.  Bolt  is  about  1  foot  below  the  top 
■rfMS  of  rocky  and  about  4\  feet  above  creek  bottom,  which  is  of  stone.  Rock  is  in 
kms,  the  bolt  being  in  top  layer.    Elevation,  141™.6910. 

U.  CL  P.  B.  M.  35  IS  point  li  inches  from  south  comer  and  |  inch  from  east  side  of 
line  triaagnlation  stone  set  by  Assistant  Engineer  John  Eisenmann.  Stone  is  38 
■  east  of  river  bank,  about  250  meters  below  Island  No.  482,  and  3^  meters  north 
of  iMntp  elm  tree  marked  with  two  triangles  opposite  midway  between  two 
s  on  Westport  Island.    Elevation,  139">.9151. 

U.  8.  P.  B.  M.  36  is  top  of  copper  bolt  leaded  in  the  top  of  marking-stone  set  about 

en  from  the  river  bank,  on  the  Illinois  shore,  a  short  distance  south  of  a  point 

ite  the  head  of  Islands  Nos.  487, 486,  and  485,  and  about  1,190  meters  above  ware- 

•  at  Bed'a  Landing,  Calhoun  County,  Illinois.    It  is  ^  meter  south  of  lower  fence 

if  two  on  land  of  one  C«  Lawson,  about  opposite  the  head  of  the  aforesaid  islands. 

ad  abont  50  meters  north  of  the  boundary  liue  between  the  land  of  the  above-named 

ka  Lawbod  and  the  land  of  one  John  M.  liewis.    Elevation,  139°*.6604. 

U.  8.  P.  B.  M.  37  is  cross  about  in  the  middle  of  triangulatiou  stone  set  by  Assistant 
ftjiffi  John  Eiaenmann  at  the  root  of  a  large  poplar  tree  abont  10  meters  from 
Mdl  hooae  and  5  meters  from  fence  surrounding  house.  The  house  is  opposite  tiie 
tel  of  Steriins  Island.    Elevation,  139».5688. 

v.  S.  P.  B.  M.  38  is  top  of  marking-stone  set  bv  Assistant  Engineer  John  Eisen- 
■san  1i  meters  west  of  foot  of  svcamoro  tree,  blazed  and  marked  with  a  triangle. 
llBiie  ia  50  meters  east  of  river  bank  and  27  meters  east  of  road  running  to  Hogvule. 
h  is  abont  800  meters  south  from  Churoh's  Landing,  and  about  400  meters  north  from 
WBRhoQses  at  Hogyille  Landing,  Calhoun  Couuty,  Illinois.    Elevation.  138™.70(^. 

U.  8.  P.  B.  M.  SS  is  top  of  copiier  bolt  leaded  vertically  in  top  of  marking-stone  set 
■I  the  ground  i  meter  inside  the  fence  on  the  west  side  of  the  field  of  J.  H.  Eildemann, 
sboat  100  meters  north  from  upper  landing  warobouso  at  Turner's  Landing,  Calhoun 
CovDty.  Illinois.    Elevation  1:^.5747. 

C.  8w  P.  B.  M.  40  is  top  of  triangulatiou  shore  line  marking-stone  set  by  Assistant 
Engineer  John  Eisenmann  abont  90  meters  back  from  Illinois  bank  of  Mississippi 
Sirer,  abont  600  meters  south  of  foot  of  Island  No.  197,  and  about  2,900  meters  south 
ftwD  the  lower  Turner's  Landing  warehouse.    Elevation,  138<°.6351. 

U.  8.  P.  B.  M.  41  is  center  oz  copper  bolt  leaded  horizontally  in  solid  sand  rock 
■btfve  and  back  of  the  road,  74  meters  east  and  below  top  of  a  hill  at  point  of  bluff  at 
West  Point,  Calhoun  County,  Illinois,  facing  the  north.  It  is  about  1  meter  above 
Ind  of  road,  and  is  about  150  meters  around  the  point  from  the  warehouse  at  West 
Fmt    elevation,  141».9651. 

C.8.P.B.  M.42  is  center  of  copper  bolt  leaded  horizontally  in  the  north  face  of 
Isige  bowlder  rock,  imbedded  partly  in  the  ground  about  40  meters  around  east  from 
■erthwest  comer  of  the  bluff  rocks  below  Hastings'  Lauding,  Calhoun  Co.,  111., 
shoot  285  meters  below  warehouse  on  the  land  of  E.  B.  Brown.  It  is  third  large 
bowlder  at  foot  of  hill  on  the  north  side  of  comer  west  from  the  top  of  bank  of  small 
hnaeh  that  empties  in  the  river  below  the  warehouse,  and  is  about  8  meters  east 
frm  ftnce  that  leads  about  southwest  from  the  east  side  of  warehouse  at  landing. 
Efevation.  141«.0663. 

C.8.P.B.M.43  is  center  of  copper  bolt  leaded  horizontally  in  the  west  face  of 
Uaffiock  abont  2^  meters  underneath  where  the  upper  surface  of  rocks  commence  to 
be  exposed  at  the  foot  of  the  hill,  about  20  meters  around  north  on  west  side  of  hill 
Aan  Boothwest  projecting  comer  of  the  bluffs  on  the  north  side  of  the  valley,  second 
ese  north  of  Martin's  Landing,  Calhoun  Co.,  111.,  and  first  one  south  of  valley  whero 
John  Zarley  lives.    Elevation,  138°'.9003. 

v.  8.  P.  B.  M.  44  is  center  of  horizontal  copper  bolt  set  in  solid  bluff  rock  facing 
Borthwcst  abont  900  meters  south  of  Martin's  Landing,  and  about  1,300  meters  north 
of  Millet's  Landing,  Calhoun  Co.,  III.  It  is  about  500  meters  below  a  dwelling-house. 
JChe  bolt  ia  in  the  upjper  stratum  of  exposed  rock.    Elevation,  138i°.7755. 
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f  the  east  end  of  the  Burlington  bridge,  on  the  line  of  the  C,  B.  &  Q.  R.  R. 
» of  copper  bolt  leaded  verti<»lly  in  abatment.    Max ked  U.  8.  P.  B.  M.    Eleva- 

?.  B.  M.  17  is  on  Robt.  Moil's  brick  store  baildinc  at  Oqnawka,  111.    It  is  center 

in  copper  bolt  leaded  horizontally  in  stone  piflar  at  southwest  corner,  about 

ibove  the  water-table.    The  buildiuK  stands  on  the  northwest  corner  of 

r  ami  Second  streets,  and  is  also  used  for  the  Journal  ofHco.    Marked  U.  8. 

Mackenzie  B.  M.  4d  is  on  step  of  same  building.    Eleyation,  169'".5*202. 

*.  B.  M.  1€  is  on  brick  building  on  the  southeast  comer  of  Third  an<l  Schuyler 

at  Oqnawka,  111.    It  is  center  of  hole  in  copper  bolt  set  horizontally  on 

e  of  northwest  comer,  2^  feet  above  the  ground.    Marked  U.  8.  P.  B.  M.    Elu- 

IT3^.1J67. 

[\  B.  M.  19  is  on  brick  building  on  the  norihwest  comer  of  Maiu  and  S«>onnd 

keithi^biirg,  111.     It  is  top  of  copper  bolt  leaded  vertically  in  stone  stop  on 

h  ^de  of  the  building,  and  marked  U.  S.  P.  B.  M.    The  building  is  owned  by 

i/jDi»,  and  use<l  for  a  furniture  store.    Elevation,  170'n.6252. 

P.  B.  M.  20  is  on  step  of  Mr.  Rifo's  brick  dwelling  on  the  northwest  comer 

and  FiAh  streets,  Keithsburg,  III.     It  is  top  of  copper  bolt  lea<lod  vertically 

•Qthwest  comer  of  upper  stone  step  on  south  side  of  house,  :iud  is  uot  marked. 

n,  173«".64S8. 

P.  B.  M.  Hi  is  on  foundation  of  water-tank  2  miles  east  of  New  Boston,  111., 

•f  C,  B.  A  Q.  R.  R.     It  is  center  of  hole  in  copper  bolt  set  horizontally  on 

.e  of  tank,  under  a  strut,  below  top  of  foundation.    It  is  150  meters  east  .of 

rsulroad  bridge  over  Edwards'  River.  Marked  U.  8.  P.  B.  M.  Elevation, 
o 

P.  B.  M.  22  is  ou  foundation  of  Keokuk  Northern  Lino  Packet  Company's 
loe  at  New  Boston,  111.  It  is  center  of  hole  in  copper  bolt  set  horizon taily 
I  wall  near  the  northeast  comer  in  top  of  stone  foundation,  0.7  meter  from 

Marked  U.  8.  P.  B.  M.    Elevation,  172°».2639. 
*.  B.M.  23  is  on  Union  Hotel,  New  Boston,  111.    It  is  center  of  hole  in  copjior 
horizontally  in  north  wall,  0.4  meter  from  the  northeast  comer  and  1.1  meters 
rand.     Marked  U.  8.  P.  B.  M.    Elevation,  180^.0117. 

*.  H.  M.  24  is  on  top  of  southeast  comer  of  stone  foundation *of  tall  cliinniey  of 
oiill  at  Port  Louisa,  Iowa.  Mill  now  torn  down.  This  is  the  same  bench-mark 
enzie  B.  M.  4o.    Elevation,  172^.3074. 

'.  B.  M.  25  is  top  of  stone  set  in  ground  22  meters  south  of  gate  leading  to  Enq. 
»  house,  7}  miles  south  of  Muscatine,  Iowa.  Stone  is  a  height  of  high  water  of 
!f  metem  north  of  wagon  road,  and  15  meters  from  edge  of  river  bank.  A 
art  over  the  ntone,  three  marking-stakes  set  3  feet  oft',  and  three  small  black 
icfc*  blazed  near  by.  Stone  is  said  to  have  been  mit  by  Major  All«'n  sevtral 
;o.  Top  of  stone  is  about  1  foot  below  the  surface  of  the  ground.  Elj>vation, 
IM. 

P.  B.M.  2(3  is  ou  brick  foundation  of  Mr.  E.  Beatty's  dwelling  on  right  bank  of 
L«0Qi7  miles  below  Muscatine,  Iowa.  It  is  center  of  hole  in  coi)per  bolt  wt.  hoi  i- 
r  iu  ear«t  aide  of  northeast  corner  of  foundation.     Marked  \J.  8.  JP.  15.  M .     ICluva- 

V.K  M.  27  is  on  brick  chimney  of  Hershey's  lower  saw-mill,  Muscatine,  Iowa.  It 
.-  iifhole  in  c^jjiper  bolt  set  horizontally  on  the  middle  of  the  cast  face  of  cliini- 
'■nr  3  feet  above  ground.  Marked  U.  8.  P.  B.  M.  Elevation,  17:J'".H;<71. 
P.  B.  M.  'Ji:*  Is  ou  water- works  chimney,  at  Muscatine,  Iowa.  It  is  center  of  hole 
^rlioli  rtet  horizontallv  in  north  face  of  chimnev,  about  l.l  meters  from  the 
-    Marked  U.  S.  V.  B.  M\    Elevation,  174"'.2U08. 

P.R.  M.29  is  on  n<»rth  abutment  of  wagon  bridge,  50  meters  north  of  st.ition  at 
i'lM,  Iowa.    It  is  top  of  copper  bolt  set  vertically  in  northeast  corner  of  aluit- 
Markvl  U.  S.  P.  B.  M.    Elevation,  174"'.4:M9. 

P.  B.  M.  3U  is  on  abutment  of  C,  R.  I.  &  P.  R.  R.  bridge,  3  miles  north  of  Musira- 
u^a.  It  is  top  of  copper  bolt  set  vertically  in  top  of  stone  coping  of  south  end 
t  ahainieut.  Marked  U.  8.  P.  B.  M.  Elevation,  174"™.7935. 
.P.B.M.31  is  on  abutment  of  C,  R.  I.  &  P.  R.  R.  bridge  over  Swcotland  Cre.k, 
If  miles  north  of  Must-atine,  Iowa.  It  is  toj)  of  coi>per  bolt  leaded  vertically  in 
;irf  '.f  north  abntin<Mit.  Marked  U.  8.  P.  H.  M.  Elevation,  174"».5547. 
'.P.B.M.  :fc*  is  in  natural  rock  on  line  of  C,  R.  I.  and  P.  R.  R.,  about  (>  niilrs  above 
Ml*,  li)wa.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in  lace  of  rork, 
'itbulM^en  blasted  oft'  for  railroad  bed.  It  is  4  feet  above  the  track,  iiO  iVel 
^'jf  ctnt^r  of  track,  and  740  meters  west  of  bridge  77.  Marked  U.  S.  P.  B.  M. 
rtion,  17:^.1S81. 

'^■P.ti.M.:^  iw  on  foundation  of  i^ottery  owned  by  .Tolm  Feasted,  at  Fairi»ort, 
^  1*  :*«.i-nti.Tof  holr  in  eoppt^  bolt  set  horizon ti'illy  in  west  side,  near  south- 
H'tuvr  i.f  >toue  foundation.     This  pott<*rv  is  about ':ir>0  nit«ters  above  railroad 
tooaud  Ltar  the  river  bank.    Marked  U.  8*.  P.  B.  M.    Elevation,  I75'n.3ei>l. 
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U.  8.  P.  B.  M.  ai  in  on  miOdle  pier  of  liriilgc  orer  Pint  Creek, 

Uontprlier,  Iowa,  on  the  lineot  tlieCB.  I.oiia  P.R,  R.     It  i«     . 

TOTlicallv  in  north  end  of  pier.     BridKe  is  No.  60,     Marked  U.  S.  F,  B.  M.     Elevttig 

U.8.P.B.M.35Uon  south  pierof  C.R.Lnnd  P.E,  R.  bridge  No.SS.  1  kilon 
Miutli  of  Muntpolier,  Iowa,  ll  is  top  of  braM  bolt  set  verticntly  in  wwl  end  of 
Mnrked  tl.  S.  P.  B.  M.     EieTition,  1T*"-8I11. 


U.  8.  P.  B.  M.35  «  is  on  west  fthatnient  of  C.  R.  1.  apd  P.  R.  H.  bridffe  No.  45,  abo^ 
lnU«  eiut  of  tlia  ilepoi  at  Montpclier,  Iowa.  It  is  top  of  brue  bolt  leaded  vortiM 
In  wiulbeDdufAbutiuoat.    Marked  U.S.P.B.M.     Elevation.  lT5».<)-.rJ3. 


U.  S.  P.  B.  U.  36  ia  on  Wia.  Karge's  brick  atoro  and  poat-ofUiw  bnilding  at  Oal 
Iowa.  It  ia  c«at«T  of  Iiole  in  brasa  bolt  leaded  boriuintall}'  in  tlu>  oaet  aide, 
•outheast  comer,  3  feet  above  tbe  foaadation.  The  building  is  on  the  northwest  (X 
of  Heclcer  and  Second  Btreeta.     It  is  unmarked,     Elevation.  ITg°>.4006. 

U.  a  P.  B.  M.  37  ia  on  foundaliou  of  brick  houae  of  Eliu  M.  Dodge,  i  milv  e*.. 
BuITalo,  Iowa.     It  is  center  of  bole  in  brass  bolt  set  horizontally  in  upper  fouodl^ 
atouo  on  west  aide,  near  soulhwcat  corner,  about  1  meter  from  i;n>und.     Uouae   ' 
about  100  meters  north  of  line  of  C,  B.  I.  and  P.  R.  R.     Marked  U.  8.  P.  B.  U. 
lion,  I7tt">.M69. 

U.  S.  P.  B.  M.  38  ia  on  foundation  of  vinegar  worka  at  lower  enil  of  W««t  Dan 
port,  Iowa,  near  tbe  river  bank.  It  is  center  of  braas  bolt  set  hurizoutallr  in  w 
aide,  near  Uie  southwest  comer,  about  0.1  meters  from  ground.  Marked  U.  s.  P.  B, 
Elevation,  ITD'-.Oaai. 

U.S.P.B.M. 39  is  on  north  abutment  of  Rook  Island  and  Davenport  E«llnl 
bridge  over  tbe  main  channel  of  the  Mississippi  River.  It  is  top  of  copper  bolt  Ism 
vertically  In  coping  of  east  or  upper  side  of  obutuient,  on  a  plane  with  tbe  sldovi 
It  is  4,1  misters  from  river  faoe  of  abutment,  and  0.1  meter  inside  of  railing.  Ml  * 
U.  8.  P.  B.  M,     Elnvation,  IBO-.STW. 

U.  S.  P.  B.  M.  40  ia  od  base  of  stone  tower  of  U.  8.  araennl  stone  bntlding,  A,  _, 
at  lower  end  of  Arsenal  lalnnd.  It  is  center  of  hole  iu  copper  bolt  leaded  boHxonll 
in  I'ast  side  of  aortfaeaat  coram,  about  4  feet  from  the  ground.  Marked  U.  S.  P. " 
EtevaUon,  1S-J».1139. 

U,  S.  P.  B.  M,  41  ia  on  fniuidatioD  of  the  Atlantic  Brewery,  near  C.  R.  I.  and  _ 
R.  depot  at  Rock  Island,  III,  It  is  center  of  hole  in  copper  bolt  set  hflnxontanr 
upper  foundation  stone  ou  Ibo  north  sido  at  the  uortheaat  comer.  Marked  U.  8.  P.  a 
M.     Elevation,  183<°.3053.  ^ 

L'.  S.  P.  B.  M.  4S  is  ou  eontb  abatmant  of  wagon-bridge  c^rusaing  from  Molino,  lit 
tu  head  of  Rock  Island.  Ttistopof  copper  bolt  set  vertically  od  east  end  of  abtitmnll 
Harked  U,  S,  P.  B.  H.     Elevation,  179«.&70B. 

U,  8.  P.  B.  M.  43  is  ou  brick  basemeot  of  H.  Smith's  dwelling-honsu  at  Watertmril 
111.  It  is  center  of  hole  in  copper  bolt  leailed  horiMintally  in  the  west  Hide  near  u 
northwest  comer.  The  house  stands  50  meters  sonlhaaat  uf  the  C,,  M.  and  St.  P.  B 
K.  depot.     It  is  marked  U.  8.  P.  B.  M.     Elevation.  1H1'".4»W, 

U.  8.  P.  B,  M.  44  is  on  brick  school-honau  at  Hampton,  Iowa.  It  is  euntor  of  hd 
in  copper  bolt  »et  horizontally  0.5  meters  from  ground  on  east  aide  near  soatfaeM 
DOmer  of  largo  now  publjc-scliool  building.  It  is  marked  U.  8.  P.  B.  M.  EloiraticB 
ie2",99e8, 

U,  8.  F.  B.  M.  45  is  oa  stone  foundation  of  Baker  and  Hayward'a  brick  store  bnlU 

ing  on  levee  at  Ilampton,  111.     It  is  center  of  hole  in  copper  bolf  ' " 

in  north  side  of  nortbwe«t  comer  of  building,  aod.  is  at  the 
Marked  U.  B,  P.  B,  M.    Elevation,  179«,943T. 

U.  B.  P.  B.  M.  46  is  on  stoDO  foundation  of  H.  M.  Gilchrist's  brick  store  building  4 
Rapida  City,  111.  It  is  center  of  hole  in  copner  bolt  leaded  horir.ontally  iu  west  na 
of  northwest  corner,  4  feet  above  gronnd.  Tlio  building  is  on  the  river  bank.  MkU 
U.  8.  P,  B.  M,    ElovaUon,  181°'.a416,  : 

U.  S,  P.  B.  M,  47  is  ou  abntmcnt  of  bridge  of  C  ,  M.  and  St.  P,  R.  R.  over  BaiM 
Creek,  }  mile  south  of  Fort  Byron,  111.  It  is  lop  of  copper  bolt  leaded  Tertiemlljli 
west  end  of  north  abntmeut.     Marked  U.  S.  P.  B,  M.     Elevation,  18*n.9313. 

U.  S.  P.  B,  M.  in  is  on  foundation  of  Hr.  N.  Domtnce's  brick  store  building  at  Poll 
Byron,  Dl,  It  is  ccnterof  bole  iu  copper  bolt  leaded  faorixontally  in  west  side  of  aouA 
we«t  corner  of  slooe  foondatlnn,  and  marked  U.  3.  F,  B.  M.  The  buildtnc  standa  U 
tween  Main  street  and  the  H,  R.  tntck,  and  about  7b  feet  (rom  tbe  rircr  bank,  EI» 
vatlou,  ISi-AOU. 

U.8.P.B.M.49  is  on  iron  doorstep  of  new  brick  store  building  of  A,  H.Wwidtil 
Port  Byiou,  111.  It  is  top  of  north  bolt-head  of  front  row  of  bolta  on  south  doontq 
on  east  side  of  building  on  eaat  aide  of  Main  street.  Bolt-head  marked  with  a  etCg 
cnt  tbrouKii  its  center  bv  a  cold-cbiHol.  Marked  U.  S.  P.  B.  M.  ou  bricks  below.  & 
evalion,  185".  2033. 

U.  8.  P.  B.M.  60  is  on  sluue  warohousa  of  Ni'rtbem  Line  Packet  Co.,  at  Cordova, Dl 
It  is  center  of  hole  iu  copper  bolt  set  horizontally  iu  sooth  side,  near  sonthwott  WV' 


nuiea  uortn  ot  Aiuauy,  iii.  it  la  center  oi  noie  iii  copper  Uolt  luaaed  bori- 
into  the  baoe  of  cliff  1  foot  nbove  ground  and  aiioDt  3.5  niotvTS  above  a 

om],  and  marked  U.  S.  P.  B.  M .    It  is  15  meters  east  of  vagon-road  aDd  90 

Mt  ore,  U.  uid  St.  P.  H.  R.     Elevation,  lHd».riDO!». 

P.  B.  U.  54  is  on  abutment  of  C,  M.  and  S^.  P.  B.  R.  bridffo,  2^  mileii  north  of 
m.     It  is  top  of  copper  bolt  net  vertically  in  weal  side  of  south  abutment. 

C.  S.  P.  B.  H.     Elevation,  IE^.299r>. 

P.  B.  M.  55  ia  OD  south  abutment  of  bridge  over  Cat  Tail  Creek  of  C,  U.  and 

.  B.     It  is  top  of  copper  bolt  Mt  vertically  in  top  of  east  end  of  abatment. 

ilm  is  just  sonthof  tbo  liucof  theC.,  B.  andO.  B.  B.,and  ubont  2  m ilea  south 

m,  IlL     Elevation,  m3'«.2978. 

P.  B.  H.  56  is  OS  oaat  end  of  north  abutment  of  C,  M.  and  St.  P.  B.  R.  bTid){e 

it  Tail  Creek,  2  miles  south  of  I''ii1t«n,  111.,  and  about  WO  meters  south  of 

ltd  Q.  R.  B.  croMing.     It  ia  top  of  copper  bolt  set  verticallv  in  top  of  abut- 

Elmtkm,  183B.6e(B. 


Saint  Louis,  October  6, 1883. 
I  have  the  honor  t4)  submit  the  following;  report  npon  the  resalts  of  investi- 
of  the  snbjeot  of  onmalativB  errors  in  leveling. 

inTMtintiOD  was  tiommenced  some  time  since,  and  an  incomplete  report  made 
be  raalta  obtained,  with  the  intention  of  completing  the  report  when  addi- 
late,  which  was  being  reduced,  should  be  availabto.  In  the  meantime,  con- 
)e  additioiial  field-work  has  been  done,  under  inHtructions  from  yourself  to 
t  the  operations  in  snch  a  manner  s«  to  tbroir  ndditional  tight  upon  the  sub- 
rhe  notes  of  this  work  have  been  rednoed,  and  the  results  show  oilher  thiit 
MnMion  turn  had  a  practical  value  in  avoiding  opcrutiouu  which  introduced 
tive  eiTon  tn  the  work,  or  that  the  observeTS  had  attained  a  proficiency  not 
riytbown. 

pnllninary  report  haa  been  read  by  those  intcrcitted  in  llie  subject,  some  cur- 
■  have  been  noted,  and  some  sharp  criticisms  made.  I  have,  therefore,  in  writ- 
s  ivport,  had  the  advantage  of  these  facts  and  thu  additionnl  data  at  band,  and 
ideaToted  to  ahow  mote  clearly  that  the  reaults  of  luvuliug  operalions  may 
stcd  by  Booh  large  camolative  enota  as  to  make  them  iinrelinble,  and  that  these 
itiv«  eiTora  may  be  avoided  by  proper  care  in  the  iield-nork. 
bet  tliat  erroia  appear  in  the  reaolta  of  leveling  which  are  nearly  constant  in 
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•     ••    ■       ...         -         *  it -::.::le  polygon,  we  wotild  bell 

••*•■••.  -u- :.:.;•  errors  or  to  nonic  genanl 

• ....  1:,  hu\v»?ver,  an  observer  U 

,    -'-  ■    i-<:iv  showed  a  pFcpondetani 

"  ;         -"•.  1  •   «>f  .some  law  of  thedistribs 

-  •    -  i^'  ti'f  same  time  it  muat  ben 

".•.■.••  .•.■•l:..'.  viTors.  to  which  all  ol 

:-    ::.;  '   !•■  *o  large  as  to  a] 
-    .  -*r  f>  i»f  observations,  howeTdl 
.1.1  V  iiiit-  the  existence  of  agn 
-      -       •:•-!  ".vi.    It  frequently  happflM 
,'.]'-."  i.::    .  that  the  arran;»emeotofty 

.■•.-.  *...    f  ••';    .  .-  .       .    .  •< '"ic  law  of  distribation,  fan 

.'..•       ..  *!.••  ...•■•-  ..  :.::  :  .itIht  extended.    Inthisdii 

.  v«  iMiitl  M-ri—  »- r  :  '.'^^l  tti  base  couclnsions  npiM 

il   I .  i<  >  iiU'.  .    ^  .  .  ....  i  I  >  L.e  portions  of  the  discfUBOi 
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.  .    ..r.ive  errors  in  the  exampll 
.11- •.iiiiiHiif  *..    -r   -•  -       .• -!:-.■;   .':.  point  in  the  line  and  plottei 

..  .s  \\nli  tb»' •: -'1..1   •  :-   ■    ".     «•.':.-•    i.*  ;«?  ab-tcissjis. 


.    .»i.»ii:;ini»'!.'    -••••-  ....   •  *     :  v  •ri>ociitivc  accidental 

Hi;;ii.  t:.- :  ■•■-     :.  -  ■       •    :.        '-•   .  :irvc  to  one  side  of  the 

,.o.\  'I   ii»r»L.  i.i  ■:••'  *  :  j-    ^••n  counterbalanced  by 

.,,>.ii  \li ••»•.■•   •...  •  :.:"..».n  the  sinusoidal  formVhkl 


u     Ml  v«  •»  r  ifl.' .     7".  .r  .  .  -  i  j:-  ..:•  T  or  less  extent  in  any 

»  "n  .  ^^  ln-if  ::.'■    •"  ••  ir-  ...     >-.:.  -..-.'..  us  has  been  the  case  heni 

..   ». .  II -^.i:..  .:.:•.•   *.       .    •    .  •      »-!   -:  .1  > rliug  lines  in  oppi>site dim 
.    I.  'II.'  |ti»-^.\.  .-•  .-x    »  .i'm)  true  of  different  obsorrat 

I.    ....in-  hiir-.:  '..■ :-  .  ■•     .-.'•     •:.  •   the  n>lative  errors  wonld  b 

,.    .. :.  clii'Mil  T..     .      .    .  •.  -:  •  >  j:ivi'n<mpajj:e4*25of  **Ai»ril 

.  .  ...•.«    /i.  .'.I  .>iii/'.'.'. '  ^  •     >  :  ■.   ."^-"lovoled  the  entire  perimetf 

.   '.  .  KiImiiht.  J- :  t -.  -..^      Ihe  poly<;on  has  4  sides,  and  i 

•» ...  :i  siniKnoMli  •  *   -   .•     •  ••   ?*-.:.•:.>.    The  discrepancies  betweci 

.. »  .'  u'MiiIt.'i  i»r.  •;.  -r  -         .*;"•:    ;   :.  .*.:.\e.  -^  negative,  and  *2  equal t 

i' .h -.rn-p;!:,  ■*••:  vers  at  the  end  is  4-247™"^ 

.-  t.'iMioii.il  •■•. .  i  -    ■  :;.    results  obtained  by  the  tw 

•.    I.  »-.-|ili'i|  ..-  -..  .       •  .,..::iN.  but  iu  this  case  wo  hat 

111.' lir-f  •     '         :       •'.•'.    :\:^'»!i  with  •Jli*"'"'.*J  tiH»  great  a 

.    .■••.!  ^^\\\l   i':  -  .   -    :  ■   «:  -iT  by  "Jr^'^'-.tt.     Tlit^uieanf 

V  .   •'.  .  I  \  I  I  ,  I  1:    .    :      .   -  ■  .  .jf'i  by 'J.V'"'.;i:  or  tin*  secon 

......  n«  I    ill.- I  j  :»:li  '..:.    ■    •   :..■::•.  "t   hoth.      It  i>  e^  i«U'iir.  ihei 

•  x»    .K   ilii>  iwii  d".^.  :\.-^  is  :::..iTil\  c.niH^'d  ]•>  «?nor>of  th 

v»  x  .1    .N  sti'iii  of  ;«1|  .«.t::i,  :i:   iii.'y  Im' applifd  t«»  thir*  p^dj 

.      ■  n;   n-ii'ivr  !iiu^«T  ••■••ririii.ui.s  rluiii  tlinso  i>t"  the  s6« 

■i-i  s  lit*  ii»r  iir.s!  oliM'ivriV  errors  wnv  in  uperutio 

\»    •..>!i-  IM>1\  •i«Ml. 

■  -.  i.'.»;iuii«>  b«'t\v«-.-ii  tlu'  in»rtl>  a:id  sovith  line 
»..-•.  i\»''imbiK«-  anil  Moinphis.  and  hot  wrO'j  Friar 

■    •.    '.''.  'iird.  nv'.'  not  constM'.itivr,  but  ar'-.H«'a 

:;'i  h  i<  alioiit  ti'l  kiloijiotiT.>.     Tiirvai 

.  .-.•.      I'!:.'  a'»>«iNsar*  air  tw  i«  <•  tho  mui 

•  .1.  i«  i>wl'il.«'  ]M»ly;L;nii>.  a:.<i  TJn'«»rd 

*      •  il  S..111J1  IfVj'li!::;-.     T;,«- t'.uttf 

'  :.\«::  liiii-  is  ihe  moan  line  det*' 

i  s  rtj»rt'N«.iit  diiVmnt  tMjuation 

..'  :•.  .siin:a]«^  ni"  rlie  •»b.MTV;iti€ 

::.r>«»f"  i»l»srrv;'.t:on. 
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TCiveDce  contmni>d  for  110  kiloraetore. 

3  all  attempto  to  arrive  at  n  valiie  of  tlio  precision  of  lavola  Lava  been  based 
mmption  that  tlie  cirora  inercasu  with  the  oquiiro  root  of  the  dtstuiice 
lliisainiitiptian  would  be  trne  if  uccideTitol  crmrsweivlhe  oDlyouCB  mode, 
I  munber  of  oluwrv&tioDs  weie  strictly  )iro|>ortional  to  the  diiitanco  lorolud. 
DS  of  diaerepuicies  between  resnlts  iu  instrartions  for  nreciso  loviding  have 
d  on  the  sonie  principle,  and  are  oneu  to  the  satuo  ohjectioD.  It  has  tn- 
een  noticed  that  white  the  resullb  ot  each  of  a  nnmlier  of  liuva  leveled  were 
in  limits  which  were  prescribed  to  bo  in  proportion  to  the  aqunrc  root  of  the 
yet  when  the  anm  of  several  lines  wan  cunsidored,  tlie  total  diserrpaiicy 
seed  the  limit  prescribed.  In  other  wnrds,  tbe  erroni  were  not  projiortionul 
iMi*  root  of  the  distances  and  did  uot  lullow  the  law  of  distribntion  of  acci- 
xm.  Plna  and  miiina  eimis  were  uot  equally  prevalent. 
et  ia  eoDclatively  shown  b;  nwalt«  given  on  tne  plots  referred  to.  Nnmcr- 
pleaofthfanneqaaldiatribtition  of  errors  maj-be  found  in  publiabod  reports 
S.  I^ke  Bnrrey,  and  in  the  results  of  levels  in  Switzerland,  Germany,  and 

nination  of  the  wvoral  plots  shows  that  tbe  reanlta  there  given  arc  affected 
ative  enara,  that  these  enois  vorr  in  eien  and  amount  with  different  nliscrv- 
with  tbe  exception  of  that  on  Plate  III,  that  tiei/  are  nearly  if  not  quite  prv- 
to  the  Htlawee  lereled.  Theoretically,  if  the  results  of  levels  were  aflectcd  by 
it  etror,  the  effect  of  that  error  would  be  proportional  to  the  nnmlwr  of 
ana  or  instraineiit  stations;  but  tbeto  aro  so  nuarljr  proi>ortiona  to  the  din- 
any  one  obeerver,  that  tbe  distance  lias.been  substituted  for  the  number  of 
ooa  in  tliis  discossiuu.  Since  tbe  cumulative  errore  vary  with  diffeient  ob- 
bey  have  been  called  personal  ei 


[  a  ySijfoa  is  made  np  of  two  parts:  First,  a  constant  error  which  is  propor- 
tha  Mmnetei,  and  may 


1  may  be  determined  with  more  or  less  precis; 


•  u«mtt)eet. 


.  stiidf  of  all  the  roliatile  levels  at  hand,  we  ore  le<l  to  believe  that  the 
t  a  polyp»>  i"  1     " 

"«p«rnnetei, ,  _        

H  MTelsdj  and,  second,  the  sum  of  tbe  accidental  errors  to  which  all  ob- 
Vl^^    Having  made  this  Msnmption,  what  follows  are  but  losical 
it,  and  the  proof  of  tho  ossnmptioii  will  lie  in  the  rosnlts  obtained 
^ied  to  practical  exampltie. 
tt  S  K=aqDal  the  perimeter  of  &  polygon, 
a — t^the  CTTDT  of  closing  tbe  polygon, 
2=the  psiaonal  error  of  the  observer, 
and  E=tlie  snm  of  tho  accidental  errors  In  tho  polygon. 
adi  polygon  woold  give  an  equation  of  tbe  form 

I  aD  the  equations  we  would  obtain  the  nonnal  oqnation 
O  K-]  •- [2  K  (»-.)] -o. 
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peationH,  eitu  l>o  iletetmiiiiid  with  four  time*  tlio  iiiwUiun  Ihat  Ilie  Ti'lnlivc  p 
eqnatiau  of  two  obBervcru  C]iu  be  obtainud  from  the  (tame  liura  l<^vele>l  i 

obaerrer.     In  the  ease  of  a  siDgle  obsBtvur,  the  sign  of  thp  error  is  deU , 

the  error  eUuiiiJnt«(l  from  the  moan  of  re«ult«  in  both  directions,  wliil^  with  two  dl 
serreTH  we  are  in  iguorance  as  to  tho  siga  arid  aiDoant  of  the  error  made  by  eaeh,  I 
honcn,  of  the  error  remaining  in  the  mean,  unless  we  have  additional  evidence.  Ri_ 
this  WD  arrive  at  thu  practical  conclnsioa  that  aach  observer  tlutiild  dupJiAtla  Um  m 
vmrli  in  oppotile  direclioKi. 

Having  ohtoiued  the  value  of  x  (or  as')  Ijrom  eqnationa  (3)  or  (4)  uid  aabsCitilUdll 
in  tbo  several  equations,  the  several  values  of  v  aie  obtained. 

Lot  To  =  probable  error  of  a  single  observation  npon  tjievalaeof  z, 

[oc]  1=  aumof  thesqnufea  of  tho  several  values  of  e, 

IB  =  number  nf  oliwrvntions  =;  nnmber  lines  leveled. 

(5)  Then,  ro=±  0.0715  flS^) 

V»— 1 

Having  found  rg  wo  uiaj  oompnle  the  probable  error  of  the  unlcnown  qaantit;  Iqf 
thefbnnulw 

'  '  '"  ""         ,  j»,  being  the  weight  of  a. 

''''  I 

The  formnlED  obtained  above  relate  to  either  (2)  or  (4),  bnt  what  follows  rel»t«  ta 
(3)  alone.  £)nco  tho  several  values  of  n  represent  the  aooidental  errors  uf  t>l)Bemi 
tiouH,  and  as  tbcno  nro  proportional  to  the  sqnaro  root  of  the  nnmber  of  observiitton% 

1  have,  letting  n,  oj,  ng,  &e.,  represent  the  number  of  observations  (iDitrum^ 


Vim  IW ^W*.    -  'mTha  I 

Since,  however,  in  any  parlicnlar  ease,  the  volnea  of  n  will  be  very  nearly  proportionnl 

to  the  distances,  we  liiay  write 

ri  ffi Ci^flj      t^  1^  j^„  _.  t^  *Bi 

The  espressiona  ^-j^,   I'^t  ^-i  repreiicut  the  squares  of  the  errors  of  cloaJng'li 

polygons  whoso  perimeters  eqnHl  unity,  which  is  here  taken  ns  one  kilometer.  Tto 
find,  then,  the  probable  error  of  closing  a  polygon  whose  periinetrr  equals  one  kilo> 
meter,  or  what  is  tho  same  thing,  t^e  probable  error  of  a  single  leveling  per  kilonw- 


(') 


.  ±0.6745  ^4- [^.] 


"e  of  the  precision  of  an  observer's  work,  but  in  compW' 
_.^        ._  .  it  shonld  be  remembered  that  tho  rclationofx  to2Km«| 

be  quite  JifFurcnt  for  different  observers, 

One  observer  may  make  his  observations  under  such  conditions  as  to  uoce«ntat«  it 
the  mean  12  instrument  stations  per  kilometer,  and  the  other  may  ooly  nake  6  in- 
strument stations  in  the  sauie  distance, 
r  being  the  probable  error  of  a  single  leveling  per  kilometer,  the  probable  error  ol 

the  mean  of  two  levclings  would  he  -  ,^ ,  and  the  probable  error  of  the  differeoM 

>nsisting  of  m  lines  wboM 


B-i;t''r«=±«''«/S[li] 


The  above  formulae  have  been  applied  to  tho  results  of  the  levels  along  the  HiNii' 
uppi  River,  which  now  extend  from  Biloxi,  Miss.,  on  the  Gulf  of  Hezloo.to  FnltM, 
111.,  a  distance  of  2.100  kilometers.     The  results  will  be  taken  up  in  sections  as  thq 

■Theibovo  fonaulfe  fur  compnllue  Iba  values  of  r  nnd  K  are IdimUcal  lu  form  vlth  tb<w>  irtTKk 
■' Frficialon-NeTellemcnt  der  Ell«."  but  wi'TD  deiliicFd  by  the  writer  before  bH  wu  Bware  that  the  (Mi 

from  Ibe  resntte.    It  is  not  bBlievwl  Ihnt  Ibe  formiiflB  fur  tompotliifc'  probable  eiTore  nro  applioabli  II 
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rttled,  but  it  will  not  be  necAMary  to  gire  full  ezplanatioua  in  every  cue.  As 
tiiDDS  httpnena  ttiftt  mon  thftu  odo  resnlt  is  obtained  in  one  or  botli  direotione, 
IbitD  raisliaa  Iwanadiqtted  of  combining  tli«  mean  of  IberaBnlta  in  one  dinic- 
tb  the  BMMi  of  the  nsnlti  in  tlio  other.  Tho  ouit  of  leaifth  is  ono  kilometer, 
■nit  of  Totieal  nMasorement  Ib  one  milUueter.  The  eqaationH  have  been  so 
A  that  Oe  ▼aliiM  of  x  luTe  the  Blgna  of  conectioDB ;  when  positive  the  closing 
a  ia  too  low,  and  wh»n  minus  too  high. 

pucm  LXVXL8  FBOH  ACBTiN  TO  tsiar'b  point,  miss. 
lection  ia  43  kilometers  in  length,  and  the  results  of  the  leveling  are  published 
teport  of  the  Chief  of  Engineers  for  1879,  page  1944.  All  lines  were  leveled 
aite  directiotia  an  equal  number  of  times  by  the  same  observer,  and  the 
KM  onder  which  the  work  was  done,  aaide  from  changes  of  weather,  may  be 
have  ran^ncd  nearly  the  aame  throughont.  An  examination  of  the  table  of 
ihowB  19  poaitiro  and  9  negative  discrepauoies,  and  one  eqnal  to  zero.  The 
the  poaiCiTe  dlacrepanoies  exceeds  the  enm  of  the  uegativo  by  +  3G™°.3.  The 
the  poeitive  discrepanoiea  is  +  47<"b.6,  and  their  mean  size  -f  2™'.50,  and  the 
tbe  n^ative  diaerepandes  —  ll^^.S  and  their  mean  size  —  l^^-Se.  Il  is  evi- 
;  diaerepanciea  are  quite  nneqnally  distributed,  both  with  regard  to  sign  and 

in^  the  reanlta  of  this  section  by  the  method  previonaly  explained,  we  obtain 
innng  raliiea: 

398.a!«  — 164.05  =  0 
*=  +  O--.60  ±  o»».oe3 
tw]  =  + 138.06 
r,  =  ±l™.BO 
r,  =  i  O^n.OSS 
r  =  ±  0™'.88 
B  =  ±4™.04 
[press  theae  reenlts  in  words,  we  would  say  that  this  obserrer  makes  eloTations 
-,  aa  he  advancea  by  +  0™>.050  ^  0«».083  per  kilometer,  that  the  probable 
fa  single  leveling  was  ^  0™™.88  per  kilometer,  and  that  uie  probable  errorof 
trenee  of  elevation  between  Anetiu  and  Friar's  Point  was  ^4'™>.04.    The  nn- 
L  work  of  obtaining  these  reaulta  is  given  on  pagu  38. 

D  FROM  FRlAR'e  POIMT 

e  two  sections  include  about  404  kilometers,  and  were  leveled  by  the  samo  ob- 
I,  with  the  same  party  and  outfit,  during  the  same  field  season,  and  are  here 
1  as  one  section. 

manner  of  doing  the  work  was  qnlte  varied;  sometimes  an  observer  duplii^atrCd 
rk  in  opposite  directions,  sometimes  in  the  same  direction,  cilhcrnortb  or  south, 
Bsin.  two  observers  would  level  the  same  linos,  in  the  same  direclion,  or  in  op- 
oilections.  This  section,  then,  furnishos  us  with  exiiinplcB  of  all  the  combiua- 
if  obeervers  possible,  and  is,  therefore,  a  valuable  one  for  this  diHcnssion.  The 
'oA  was  done  between  November  4,  ISTQ.and  April  3-i,  18^.  As  examples  of 
ombination  are  scattered  along  throughout  tbe  entire  distance,  the  separate 
aveheen  numbered  consecutively  from  Columbus  and  Friar's  Point,  tlio  latter 
<n  being  diBtinguished  by  accents, 
fidlowing  exhibits  in  tabular  form  the  results  of  leveling  this  section : 


1 

diKrepuiclos.           dincri'iiBDclnu         1  i 

lll^tupUUClUB,         -p^jgpg  ^^ 

+ 

ToUL       -f            —        Total  1 

+ 

-  ! 

ta.. 

■23.4 

IZIG.H 
•22.0 

39 
16 

0 

11 

1 
6 

te  1-1-320.0  —20.1  1-1306.8  1 

18j-^  »7.3  '-48,S  '-10.Bi. 
15,.H7fl.5  -11.4M-0S.1  ,- 

1 

6.  OS 

SS;::::::: 

—8.73     -(-B.12±1.33 
-4.38+4.79*0.71 

*I<B*ttodlB  oppostt* dlreotloDi.       tI«Tc(ediDMaisdh«otl<ns. 


<■ 
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Tin-  liiHt  olmcn-pniinkeBCltivatiimH  too  Inw  asheiidTtuiciwIif  +S"'",!!, 

kiliiint'lur,  iiDil  iDnkifB  olovntions  Ioivm  tban  thCBCcond  obsTver  vlieu  Itn. , 

Euiiie  or  opnoBite  diractioiia,  nnd  alao  lower  tbaa  Tbu  third  obsn'ver  when  Utc 
tifae  BHmo  direction.    We  liave  mi  luaoy  obsarvations  on  thU  point  that  it  "-' 
doubted  that  thie  obtierver's  rceulls  were  aSecUd  hy  an  error  nbioh  reuii 
iiparly  coDHtanl  througliout  tlie  eutira  sefMon,  anil  wlieru  the  <irror  bM  not 
hjut«il  b.T  liii  leveling  in  both  diiectionSj  that  a  oorreotiou  lo  his  resalU  is 
Tbc  uiga  of  the  correoUon  ie  certain,  ana  we  may  conitider  that  it  oloee  appruxi 
to  the  oinoutit  of  the  ctirrectloii  has  been  obtained  froia  the  AG  eqnationii  ofwL 
ob'aiui.>d  from  lines  leveled  in  op)iosite  directions.   Tliis  corrcctiun  applied  to  ti 
betwetiu  Coliimbua  and  Memphis  for  the  lines  Jevelcd  in  one  direction  by  tbia  oil 
would  aniount  to  -t-fiSO"^,  and  to  tbo  part  between  l^iai'a  Point  and  Prentiaa -ffl 
or  a  total  eorreetion  at  Preiitlss  of  +SJ7^o'  =  1.07  feet.  ^ 

The  coDBlant  error  of  this  observer  must  have  been  independeDt  of  dif«etil 
he  aeta  the  same  results,  ss  compared  wilJi  the  second  observer,  whichever  dir 
he  levels.  The  conditiou  uf  the  gronnd  and  changes  of  weather  evidently  b«T^I 
iug  to  do  with  the  error,  for  it  1bsI«  thronghont  the  eutire  season,  and  the  aeMt^ 
server  wheu  leveling  over  the  same  ground  at  the  asnie  time  does  not  obtain  ■ 

The  TRsnlt!)  abtalned  by  this  obfterver  the  fullnwiug  ncason  lietween  Qradi- 
and  Cairn,  111.,  ooDtaiuod  no  evidence  of  aneh  a  constant  error  as  here  ehawn, 
evident,  iLcn,  that  a,  ilniilloaiion  iu  on  oppuaite  dirvetion  the  second  seaaon, 
'leveled  iu  onu direction  during  tlie  ftrst,  would  not  have  ulininated  the  oouat: 
frnm  the  moan. 

From  tliia  we  have  the  proctiual  conolusiou  that  on  observer  should  duplii., 
work  OH  soon  as  poneiblo  under,  ns  nimrly  as  praetieable,  tlie  Bamc  oomlitioni. 

error  of  tills  observer  raunot  bo  attributed  t«  a  eoltliiigof  the  rod  supports,  but 

be  explained  liy  BuppiMing  tliat  tlio  rwls  or  inntnunuut  rainod  a  snuiO  amount  goij 
ally  tliroughoiit  tliu  si-asou. 

Tht-  disciwiiauaiea  of  the  sccoud  observer  show  that  his  errors      ___  

wliich  fact  in  also  shown  by  the  probable  error  of  delerniininR  hia  personal  errar, 

The  third  obaervt-T  nuhde  e]t*vatious  tt*"  i-!..-!'  «-  *•-*  n,i*--»,..«.i   i».*  i...  asa  ^.^mH 
cnougli  liu 
personal  ei .     . 

The  fourth  observer  did  so  little  work  that  no  conolitBlon  could  sofelf  bita 
from  the  mratla,  but  the  evidence  ia  all  iu  one  dtrootion.  " 

The  uuniorienl  work  of  obtaining  the  reeult«  eontaincd  in  the  preoeditig4 
giveu  on  pages  150  and  151.  No  attemi>t  has  been  made  to  oompote  tho  pi~ 
error  of  the  rcsultiug  difforouce  of  elevation  of  this  Bttt'tion,  as  it  is  Iwlievod  tL 
formulfc  for  proboble  errors  are  not  applicable  to  a  large  portion  of  the  work. 

I-RBCIKE   L 

This  section  of  72  kilometers  was  leveled  by  Assistant  J.  B.  Johnson,  and  all  111 
were  leveled  in  opposite  tliroctions.  After  44.3  kilometers  bad  been  leveled  with  1 
rods  supported  on  foot-plates,  slakes  with  noils  in  their  tops  were  driven  and  (he  ri 
supported  on  these  for  the  remainder  of  the  distance.  This  section  has  been  cit«d 
furnishing  an  example  of  rods  settling  when  supjKirtcd  on  foot-plates  and  rising  wt 
supported  on  slakes.  It  has,  therefore,  been  divided  into  two  parte,  according  to  I 
character  of  supports,  and  nach  part  analyzed  separately,  to  ascertain  if  the  muii 
of  supporting  tlio  rods  bos  introdnced  a  constant  error  in  tlie  results. 

Lotting  X,  and  x„  represent  the  constant  error  in  the  two  parts,  respectively,  tt 
by  the  formulu!  previously  given  we  obtain 

I,  =  —  "od  ±  o"ia  ,  r„,  =  ±  a!™ 

x„  =  +  0.35  i  0.17  ,  ro„  =  ±  2.79 
These  results  would  seem  to  indicato  that  the  manner  of  supporting  the  rods  b 
introdnced  constant  errors  in  the  rwtulte,  l>ut  the  proof  is  not  positive.     An  inapcteti 
of  tlio  discrepancies  and  residuals  in  the  lirst  part  shows — 

14  nogatire  discrepancies,  whose  sum  is — 6i 

8  positive  discrepancies,  whose  sum  is +Ii 

13  negative  residuals,  whoso  snm  is — 3i 

9  pOHitivis  residuals,  whoso  sum  is +81 

The  sum  of  the  discrepancies,  without  regard  to  sign,  is  TTw.e,  and  of  the  re^da 


-It  raislit  Im  well  lo  state  iu  Ihia  coiiiiLTtinn  Ibat  iii  nil  th«  work  ilonci  on  llio  MiA»ii«iippi  Slvcr, 

Srinotpli'  nf  cllniinatiuK  instranjpnlal  errora  by  tqaal  tan  imd  linck  HiKlili  baa  liw  '•" ■  — '  - 
lentfoie  tho  nccDmoUtloii  u[  enors  caanal  be  alttibutol  to  emn  of  adJaBtiueut  i 


<coiDiB  —  O^^.S!  Aiul  +  0°^.U7,  rpBpectivulv,  and  ttntinliBercnce  woiilil  iK;arct.'1y 
rhat  woald  be  expected  from  Ihuii  proliuliiu  urrurM. 

■picion  that  theaeducrepencies ore  tho  rcmilt  oriicridcntal  prron  ii  ntreiigtli- 
tbe  fkct  thftt  thia  was  Ute  obderrcr'R  flret  cxperienco  in  this  nark,  and  ulw 
krt  that  all  hia  aobaeqncnt  work  ahon-H  uccaitiomil  urront  uf  upproiimuttily 
'or  the  later  errora  the  ssplanatioa  Iina  l<cou  uffctcd  that  thvj  were  onnwid  Uy 
i  nt  the  TMimen,  bnt  as  errora  of  roadiiia  tho  rwl  of  lO"""  or  20=""  freiiiicnll^ 
h1  are  detected  in  the  Geld  or  in  the  reduction,  it  Jh  iiuite  likely  that  tUU  la 

that  tbcar  errora  were  made  nod  (^Bcatled  dctottion. 

rww  exaoplea  could  bo  dnin-u  from  the  noto-booka  of  thia  offlco  where  the 
lof  tb«  three  wirea  are  iucoQaiatent,  and  abow  that  an  error  of  10™™  haa  been 

reading  either  one  or  tvo  wires,  with  no  evidence  to  decide  which  ia  the 
,n  ancertaiutf  of  10*"",  theiefbre,  leniains  in  the  mean  of  the  three  readings, 
planatiou  of  the  way  errors  of  that  size  are  made  la  not  confined  to  tliia 
or  to  this  obMrrer. 

mclude.  then,  that  tbeproof  that  cIianKiog  the  manner  of  aapporting  tho  roda 
xted  tbe  leanlta  is  Dot  snfflcient.  That  the  cumulative  error  wiiH  nt>t  the 
r  notioa  of  rod  snpporta.  woold  hare  been  tnferriHl  from  the  reanlta  uf  the 
tetwcen  Colnmbaa  and  Hempbis,  where  two  obaervera  with  roda  sujiported 
Mained  so  disstmilar  resnlts  while  leveling  the  some  lines  at  tbo  same  time. 
r  ta  explain  the  leanlta  obtained  bjr  the  flrat  observer  there  by  a  motion  of  the 
porta.  It  wonld  be  Deceasarr  to  anpnoee  that  a  foot  iilate  and  rod  weit;hiiig  in 
oonda,  had  riiM  nearly  nnifonnly  turougliout  an  entire  aeason.  Aa  tlie  jirvKH- 
tbe  foot  plate  wonld  probably  be  increased  by  the  rudmau  al>ont  -M  iKiuodii, 
I'pemtion  Is  inadtniasible. 
iave,  theiefora,  combined  all  the  results  in  this  section,  and  obtained  tho  fol- 


r^iS—.W,    r.=  ±0*".ll,  r=il'"»'.48,    B=±S"-.&8. 

PKBdSC  LKVKLa  rROM  OKAPTOK,  ILL.,  TO  CURO,  ILL. 

Daly  naolta  obtained  in  this  section  of  34.'>  kilometers  bearing  npon  thoaulijcct 
diaeaMion  wen  tboee  obtained  by  Aasistant  O.  W.  FerguHou  lu  the  'HI  kilo- 
■onth  from  Grafton.    These  resnlts  are  shown  on  the  plot  on  Plato  III,  and 

lee  la  them  haa  oraTionaly  been  made.  This  otuterver  made  olerationa  too  low 
did  not  remain  couatant,  anil  the  method  bore  giviiu 


opposite  direction,  it  is  probable  the  difference  of  elevation  obtained  between 
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,=  _{)mn._g2J.0ni™.ll 

ro  =  ±  l^'o.ei 

Ab  it  is  Q10TO  probiLblo  tliat  thin  error  was  niado  by  one  observer  than  that  tbs  ti 
obaerTtnt  made  equal  errors  of  opposite  si^o,  the  difference  of  elevation  hetwfi_ 
Keokak  and  Grafton  is  probablj  in  error  by  45°""  from  tbia  onnBe.    The  sign  of  IM 
error  m  not  determined.    The  nnmerieiU  ivork  of  ubtMining  these  results  ia  given  oi*' 
pBge  157. 

PBSCtSB  LKVBLS  V&0»  CARBOLLTOX,  LA.,  TO  BUX)XI,  MISS. 

The  IdtgIb  of  this  section  of  140  ktlonielers  were  mu  by  the  same  observen  n 
the  same  manner  as  those  between  Keokuk  and  Qral^on.  Aft«r  about  60  kilonu 
had  betn  leveled,  the  rosulls  of  tbe  tno  obHervera  coruuienced  to  diverge  until  at  ll 

end  of  the  line  their  results  differed  by  about  50™°.     The  same  remarks  arr '■--" 

to  this  section  as  the  preceding  one. 

PRKCISE  LKVELS  rttOM  CAJSO,  II.I.,  TO  COLUHBITS,  KY.,  AKD  FSOU  MRUPBIS,  TBTKi, 

The  leveling  of  these  eectione,  with  the  exception  of  abont  d  miles,  wa«  all  6iM 
in  one  direction,  tbe  obserrer  carrying  along  two  lines  by  means  of  two  rods,  luM 
independently.  Tbere  ia,  therefore,  no  information  aa  to  -n-hulher  or  not  then  yrm 
any  accamulatioo  of  errors  in  these  oeclioas.  ] 

PRKCISB  I.EVBLS  FROM   aHBEI(VIIJ.E,    MISS,,    TO   CABH0L1.TON,    LA.  1 

The  levels  of  this  section  of  470  kilometers  were  run  by  parties  of  the  United  Btah)| 
Coast  and  Geodetic  Survey,  dnd  the  method  pursued  was  to  level  alternate  soetlOTWti 
opposite  directions,  in  order  "to  prevent  the  gmdnal  accumulation  of  error,  sapjKMi 
to  be  due  to  running  constantly  in  one  direction"  (C.  S.  Keuort,  18!W,  page  137).  UJ 
probable  that  this  method  prevented  any  accnmutation  of  error,  but  it  fails  to  fi^ 
any  evidence  on  the  subject. 

The  following  are  the  values  of  r  aud  R,  compuleil  by  the  method  giveu  in  "Prfe^ 
siou-N  i  veil  erne  ut  dec  Elbe,"  nhich  method  is  In  use  by  the  United  States  Coast  au 
Geoiletie  Survey ; 

R  =  J_llTm.G 


ritBciSB  LBTELs  fhom  keokuk,  low*,  to  fulton,  iix. 


The  results  of  oil  the  sections  previously  mentioned  were  kuown  before  this  Bectioi 
was  leveled,  although  the  final  redoetionH  were  not  ij'iite  ciinipleted. 

The  conclusions  to  be  drawn  from  them  had  Ijeen  pointed  out  iu  the  prcliminsn 
report,  and  some  experimental  work  had  been  dune  with  reference  to  obtaining  addi- 
tional information  upon  the  subject,  but  tbe  results  indicated  that  the  work  was  not 
of  a  character  to  make  it  valuable  in  this  discusfuon. 

When  the  parties  took  tbe  field  they  received  instrnotiona  tbateach  observer  should 
dnplicate  his  own  work  iu  oppoHit«  directions.  Iu  order  to  thro vr  additional  light  ee 
thoqiiestiouwbetheror  not  tbeaccuninlatioo  of  errors  noticed  in  some  of  tbe  aectioM 
WHS  caused  by  a  motion  of  the  rod  supports,  tbe  parties  were  provided  with  steel 
pins,  to  bn  nsod  as  they  saw  fit  in  aupporling  the  rods. 

A  slight  modiflcatioii  was  also  made  in  the  form  of  tbe  spnr  in  which  the  rod  ter 
miniitOB.  This  modification  consisted  in  bavins  the  rod  tenniuate  in  a  plane  surface, 
which  resteil  on  a  oonical  surface  on  the  foot-plnt«s  or  pins,  instead  of  terminating  in 
a  spherical  surface,  whicb  rested  on  a  concave  spherical  surface  of  larger  diameier. 
Tbe  observers  were  the  same  n«  those  employed  in  the  sections  CarroUton  to  Biloij 
and  Keokuk  to  Qrafl-on. 

On  pages  15ti  and  KiS  is  given  a  tabulation  of  the  results  obtained  in  this  section.  Ai 
the  olfservrrs  leveled  alternate  portions  of  the  line,  the  numbering  of  tbe  bench-mait)^ 
whicb  Is  consecutive,  will  indicate  the  order  in  which  the  results  occnr  in  the  Viat, 
Sometimes  an  observer  obtained  two  results  at  the  same  time  by  using  both  foot-pUtd 
and  pins.  In  the  tabulation  such  resulta  are  indicat^'d  by  an  asterisk  in  the  duIuiui 
of  bench-marks.  An  examination  of  the  table  shows  that  tbe  disL'^^p.1ueiI's  of  eitbel 
observer  are  well  distribnted,  both  wil.li  regard  to  sign  and  amount,  tbrougbont  Al 
Reason's  work,  whether  leveling  on  pins  or  foot-plates ;  and  that  tbe  work  upon  tlu 
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I  subtly  better  thiMi  that  upon  pins.    Theee  facts  are  shown  by  the  fol- 
>  of  aisexepaneiea : 


aW.F^OBBUVZB. 

J.B.J.,0B8nyBS. 

FfaM. 

Fboi  plates. 

Hhs. 

Footplates. 

Biaciepaacies. 

DiflcrepanoiM. 

Ho. 

No. 

Sum. 

No. 

SmiL 

No. 

Sum. 

41 
84 

+83.3 
-88.8 

28 
28 

mm, 
+3&8 
-6L1 

31 
28 

fHfn. 
+00.0 
-78.3 

82 
83 

+7L0 

— 5&6 

75 

+18.4 

46 

-15.3 
L89^ 

00 

-16.3 
2.28 

04 

+14.5 

LOO 

discrepancy  in  all  the  first  observer's  work  is  +4.1"^"^  and  in  the  second 

in  the  whole  section  +3.3°^. 

kxkable  counterbalancing  of  errors  may  partly  be  accidental,  but  is  prob- 
'  to  be  attributed  to  increased  care  in  the  work.    There  is  nothing  in  the 

shows  that  an  accumulation  of  error  was  prevented  by  changing  from 

support  to  the  other. 

■ding  sections  include  all  the  levels  along  the  Mississippi  River,  except 
Fulton  to  connect  with  Lake  Michigan,  at  Chicago,  wnlch  are  not  yet 
oed.  It  is  believed  that  the  following  conclusions  can  safely  be  drawn 
suits  set  forth  in  the  preceding  pages. 

resolts  of  leveling  may  be  effected  by  cumulatiTO  errors,  which  vary  with 
servers,  and  do  not  always  remain  constant  with  the  same  observer. 
nean  of  several  results  obtained  by  the  same  or  different  observers  may  re- 
iiderable  correction. 

these  cumulative  errors  are  nearly  proportional  to  the  distances  leveled, 
5  cases  are  independent  of  the  nature  of  the  ground,  the  direction  in  which 
>  done,  the  season,  or  the  manner  of  supporting  the  rods. 

in  order,  as  far  as  possible,  to  eliminate  the  effect  of  such  errors,  each  ob- 
Id  duplicate  his  own  work  in  opposite  directionR,  under  the  same  coudi- 

,  long  lines  of  levels,  even  if  leveled  in  duplicate,  should  be  independently 

-e  report  is  submitted  in  hopes  that  it  may  add  informatiou  in  regard  to 
id  increase  the  accuracy  of  future  operations.    It  is  hoped  that  it  may 
your  approval, 
respectfully,  your  obedient  servant, 

L.  L.  Wheeler. 
sut  Sboth  8.  Leach, 
iarjf  Mis$is9ippi  River  Commission. 

ioa  of  personal  error  of  Assistant  L.  L.  Wheeler  from  the  results  of  levels  from 

Austin  to  Friar's  Point,  Miss, 


'(n^s)  =  v 


4K««— 2K(n— ») 


•  •  •O.X 

...2.4 

..1.7 

...2.0 

..2.6 

..2.1 

..2.1 

..1.5 

..4.2 

...3.4 

...2.3 

..4.0 

...1.8 

...&4 


+ 
+ 
+ 

+ 


+ 
+ 


2.8 
0.1 
2.9 
0.7 
4.2 
1.2 
LI 
0.0 
3.2 
0.2 
0.8 
3.5 
0.3 
0.8 


+ 
+ 


9.61 
5.76 
2.89 
4.00 
6.76 
4.41 
4.41 
2.25 

17.64 

1L56 
5.29 

KkOO 
3.24 

40.96 


+ 

j- 


+ 
4- 
+ 
4- 


8.68 
0.24 
4.93 
1.40 

10.92 
2.52 
2.31 
0.00 

13.44 
0.G8 
1.84 

14.00 
0.54 
5.12 


4- 
+ 

4- 
4- 


4- 
4- 


mm, 
1.2 
1.1 
2.1 
1.7 
2.9 
0.2 
2.1 
0.8 
1.1 
1.5 
0.4 
1.5 
1.2 
2.4 


w 


1.44 
1.21 
4.41 
2.80 
8.41 
0.04 
4.41 
0.64 
1.21 
2.25 
0.16 

1.44 
5.76 


w 
2K 

0.47 
0.50 
2.60 
1.44 
3.2:J 
0.02 
2.10 
0.04 
0.30 
0.66 
0.08 
0.56 
0.90 
0.9^ 


K = ±0.67*5  /^ X  ~ -  =  ±  tW"  r=±0.ae~ 

ZMEndMtiM  tff  fCTVMwI  «*rar  #r  JwiffaBl/.  A.  Fids*. /r«m  f*'  nmlU  o/  Invb, 
t'ofukf  to  Jtf<^f>Uj  tmdfnm  FHia'i  Fo.ml  to  rnmliM. 

Ko.ofUno.                              SKx— (•— .)                 r  rr           4K'— 2Kfi 

3 0.8  +    5.*  =  +    7.0  49.00  0.64  + 

i 2.1  +    1.4  =  +    5.7  32.49  4.41  + 

9 1.4  —    4.4  =  —    1.6  2.56  1.96  — 

12 1.9  —10.3  =  —    6.6  43.56  3.24—    : 

13 0.9  +    0.7  =  +    2.5  6.25  0.81  + 

14 2.3  —    4.1  =  +    0.6  0.36  5.29  — 

15 6.3  —14.3  =  -    1.5  2.25  39.69—    ! 

16 1.7  —  15.0  =  —  11.6  134.56  2.89—    I 

17 0.8  +    3.2 1-    4.8  23.04  0.64  + 

!9 4.4  —  21..^  =  —  12.6  156.76  19.36—    ■ 

20 fi.9  —12.3  =  +    5.9  33.64  79.21  -  H 

21 2.2  —    4.3  =  +    0.2  0.04  4.84  — 

22 6.1  —    5.2  =  +    7.2  51.84  37.21—    : 

23 3.0  —    6.6  =  —    0.5  0.25  9.00  — 

24 2.1  -    8.7  =  -    4.4  19.X  4.41—     ! 

25 3.5  —    6.9  =  +    0.3  0.09  12.25—    i 

38 1.3  —    1.9  =  +    0.7  0,49  1.69- 

29 2.2  —  17,9  =  —  13.3  176.89  4.S4  —    ; 

30 4.0  —  24.5  =  --  16.4  268.96  16.00—    ! 

31 5.9  —  14.r.  =  —    2.5  6.25  34.81—    t 

33 0.6  —    1.9==—    0.7  0.49  0.3G — 

35 3.7  —    3.3  =  +    4.2  17.64  13.69-     : 

41 1.4  —    3.8  =  —    1.0  1.00  1.96- 

43 2.5  —    4.3  =  +    0.9  0.64  6.25-     : 

44 4.5  —    5.6  =  +    3,5  12.25  20.25—    ) 

60 1.3  ~    0.4  =  +    2.2  4.84  1.69- 

51 5.2  +    3,1  =  + 13.6  184.96  27.04+     : 

66 7.9  —    KO  =  +    8.0  64.00  62.41—    ( 

68 1.9  —    4.7  =  —    0.H  0.64  3.61  — 

8e 2.1  —    3.4  =  +    0.9  0.81  4,41  — 

83 2.3  —    5.1  =  —    0.4  0.16  5.29—     ] 
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9f  pmwmml  mror  o/Jjmi&Umi  J.  A,  Paige,  ^— Continaed. 

10.                              8K«— (»  — •)             V  w  4K>— 2K(»— «) 

1.9  —    2.4  =  +    1.4  1.96  3.61—  4.56 

1.3  —    7.6  =  —    4.9  24.01  1.69—  9.75 

6.8  —    7.8  =  +    4.0  16.00  33.64—  45.24 

1.4  —    9.7=—    6.9  47.61  1.96—  13.58 

3.9  —  19.0  =  — 11.1  123.21  15.21—  74.10 

3.4  —    6.6  =  +    0.3  0.09  11.56—  22.44 

2.7  —14.8  =  —    9.3  86.49  7.29—  39.96 

2.6  —12.4  =  —    7.1  50.41  6.76—  32.24 

0.7  +    0.4  =  +    1.8  3.24  0.49+  0.28 

3.5  —    8.1=—    1.0  1.00  12.25—  28.35 

2.3  +    5.9  =  +  10.6  112.36  5.29+  13.57 

1.7  —    6.9  =  —    2.4  5.76  2.89—  10.03 

3.1  —11.2  =  —    4.9  24.01  9.61—  34.72 

2.0  —    2.1  =  +    1.9  3.61  4.00—  4.20 

2.0  —    5.7  =  —    1.6  2.66  4.00—  11.40 


1800.39         550.40  —1118.31 
il  Miifttioii: 

560.40  X  —  1118.31  =  0.  «  =  +  2.03™ 

npitte  prob.  enor  of  x: 

P.  E.  of*  =  0.6745    /_l!^  =  0.6745^ /-i?^:^=  ±  0.18— 

V  J>(«*— A«)  V  550.40X45 

X  =  +2.03°»»  ±  0.18»"» 

s 

6Ror  of  a  single  obeerrmtion : 

ro.  =  ±  0.6745    /l?gS=  ±  4.27™ 

mHom  of  perumal  enor  of  Aseietant  B.  2>.  FroBt  from  remits  of  leveU  from 
CohmbuB  to  Memphis  and  from  Friar's  Point  to  Prentiss, 

nc  2K«  — (n— »)=         v  w       4K«     — 2K(n— ») 

2.8x  —  11.7  = —13.2  174.24+    7.84  —32.76 

4.8  +  11.0  =  +  8.5  72.25  +  23.04  +52.80 

1.9  —    0.2  =  —  1.2  1.44+    3.61  —0.38 

3.1  —    3.6  =  — 5.2  27.04+    9.61  —11.16 

2.3  +    2.1  =  +  0.9  0.81+    5.29  +4.83 

1.7  +    1.9  =  +  1.0  1.00  +    2.89  +  3.23 

4.8  +  11.0  =  +  8.5  72.25  +  23.04  +52.80 

2.7  +    5.9  =  +  4.5  20.25+    7.20  +15.93 

4.3  +    2.0  =  —  0.3  0.09  +  18.49  +8.60 

2.9  —    3.0  =  —  4.5  20.25+    8.41  —8.70 

2.1  +    5.9  =  +  4.8  23.04+    4.41  +12.:i9 

2.2  —    2.5  =  — 3.7  13.69+    4.84  —5.50 

2.4  +    0.1  =  —  1.2  1.44+    5.76  +0.24 

2.0  +    4:9  =  + 3.8  14.44+    4.00  +9.80 

1.3  +     1.9  =  +  1.2  1.44+     1.69  +2.47 

1.5  +     15  =  +  0.7  0.49+    2.25  +2.25 

2.0  —  11.7  = —12.8  163.84+    4.00  —23.40 

2.0  —    4.6  =  —  5.7  32.49+    4.00  —9.20 

640.49  +140.46  +74.24 

ud  eqoAtioii ; 

140.46aj + 74.24  =  0  x = — 0.53°»°» 

.  enor  of  a  single  observation : 

ro=±0.6745^5^  =  ±4.14™ 

.  SRor  of  x: 


laaMe* 


Pnb.  org*  of  a  sin^  otaerrurw : 

n=  ±  0.67*5  >^/t^^  =  ±  4. 
Probable  nror  of  i* : 


Wa  TT — BBPOST  OF  MISSISSIPPI  BIYER  COMMISSION.      2559 


^  agitttmeBifffenonalerran  of  Meun.  Frasi  and  Stevems. 


0.7 
1.2 
1.0 
1.1 
0.6 


-(F-S)  = 
—  0.4  =  + 


0.4 
5.9 
7.2 
3.9 
4.5 


—  3.9  =  + 


ialequtioii: 


4.5QK' —  21.55  =  0 


J:  0.6745 


V^=± 


V 

2.9 
0.2 
2.7 
1.4 
L6 


a4i 

0.04 
7.89 
1.96 
2.56 


20.26 
«'=  +  4.79™ 


K«  — K(F— 8) 
0.49  —  0.28 
1.44  —  7.08 
1.00  —  7.20 
1.21  —  4.29 

0.36         —  2.70 


4.50  —21.55 


=  i  L51 


r '  = 


ro  1.51 


nmUom  ofdUbnme$  ofpenonal  errors  o/AsMtanis  Paige  and  Froetfirom  the  reeuUe 
•J  XntU  from  Colwmbws  to  MempMa  and  from  Friar'a  Point  to  Prentiss. 


ine.  Ka/— (P— F)  =  » 

2.01/4.    5.9  =  + 

2.4  +16.3  =  + 

2.0  +    8.2  =  + 

1.6  —2.0  =  — 

2.4  +12.3  =  + 

3.0  +15.1  =  + 

4.6  +    6.6  =  — 

3.4  +    3.7  =  — 

0.7  —    2.4  =  — 

4.0  —    9.1 

1.3  +    0.7 

2.3  —    5.4 

3.9  +    8.1 

0.9  —    1.2 

1.6  +    7.6 

1.0  +    2.5 

1.5  +10.3 

1.2  +    7.6 

1.3  +    4.0 

0.8  +    7.5 

1.5  —    1.3 

2.0  +    4.1 

0.5  +    0.1 

2.4  +    8.4 

0.5  —    3.8 

3.9  +  17.6 

1.4  +    9.6 

2.3  —    7.5 

3.8  +  12.4 

1.0  +    8.0 

0.2  +    1.8 

4.3  +    4.6 

0.5  +    5.1 

1.6  +10.2 

2.9  —    4.9 

2.2  +    1.4 

1.4  +    5.5 

2.2  +    3.4 

1.3  +10.4 

0.9  +    5.2 

1.1  +    2.3 

1.5  +    0.4 

1.3  +    6.1 

1.6  +    5.4 

1.7  +  10.7 

1.6  —    2.2 

r^ 1.0  +      7.0 


+    0.7  =  — 

=  + 

=  + 

=  + 
=  + 
=  + 
=  + 
=  + 

=  + 

=  + 

=  + 
=  + 

=  + 
=  + 
=  + 

=  + 
=  + 


=  + 

=  + 

=  + 

=  + 

=  + 

=  + 

=  + 


+    7.0 -  + 


1.9 

11.5 
4.2 
5.2 
7.5 
9.0 
2.7 
3.2 
3.8 

17.2 
1.9 

10.0 
0.2 
3.0 
4.4 
0.5 
7.3 
5.2 
1.4 
5.9 
4.3 
0.1 
0.9 
3.6 
4.8 
9.7 
6.8 

12.2 
4.7 
6.0 
1.4 
4.1 
4.1 
7.0 

10.8 
3.0 
2.7 
1.0 
7.8 
3.4 
0.1 
2.6 
3.5 
2.2 
7.3 
5.4 
5.0 


w 

3.61 
132.25 
17.64 
27.04 
56.25 
81.00 

7.29 

10.24 

14.44 

295.84 

3.61 
100.00 

0.04 

9.00 
19.36 

0.25 
.^.29 
27.04 

1.90 
34.81 
18.49 

0.01 

0.81 
12.96 
23.04 
94.09 
46.24 
148.84 
22.09 
:36.00 

1.96 

16.81 

16.81 

49.00 

116.64 

9.00 

7.29 

1.00 
60.84 
11.56 

0.01 

6.76 
12.25 

4.84 
53.29 
29.16 
25.00 


K«  — K(P— F) 


4.00 
5.76 
4.00 
2.56 
5.76 
9.00 

21.16 

11.56 
0.49 

16.00 
1.69 
5.29 

15.21 
0.81 
2.56 
1.00 
2.25 
1.44 
1.69 
0.64 
2.25 
4.00 
0.25 
5.76 
0.25 

15.21 
1.96 
5.29 

14.44 
1.00 
0.04 

18.49 
0.25 
2.56 
8.41 
4.84 
1.96 
4.84 
1.69 
0.81 
1.21 
2.25 
1.69 
2.56 
2.89 
2.56 
1.00 


+ 
+ 
+ 

+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


11.80 

39.12 

16.40 

3.20 

29.52 

45.30 

30.36 

12.58 

1.68 

36.40 

0.91 

12.42 

31.59 

1.08 

12.16 

2.50 

15.45 

9.12 

5.20 

6.00 

1.95 

8.20 

0.05 

20.16 

1.90 

68.64 

13.44 

17.25 

47.12 

8.00 

0.36 

19.78 

2.55 

16.32 

14.21 

3.08 

7.70 

7.48 

13.52 

4.68 

2.53 

0.60 

7.93 

8.64 

18.19 

3.52 

7.00 
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I>Hir^tMlioiKr/d\ffenmcn>/iiTrtoiialcrrori(tfJ>»MttiiUPiiigeaiuiFr^l,4^—Ooulia 
VthUlliHA'  Ky  — (P  — F)=  I.  »  K"- 

UQ 1.0      +    9.0  =  +    7.0  49.00  1.00 


+  b.i  = 
+  10.3  = 
—  1.3  = 
+  4.7  = 
+    S.3  = 


0.6      4-    I.O  =  —    0.2 
0.5      +    0.7  =  —    0.3 


13S 3.fi      +  19.9  =  + 


4.0  +  16.2  s=  +  6.3 

4.5t  +  5.6  =  —  2.9 

i.«  +  laii  =  +  7.8 

I.fl  —  1.3  =  —  3.7 

3.4  +  5.7  =  —  1.2 

4.0  +  a.8  s=  +  1.6 

1.0  +  4.5  =  +  S.5 

0.8  —  3.7  =  —  5.3 


0.9      —    2.7  = 


9.0      +    3.1  =  —    0.9 

5.4      +    7.1  =  -    "" 


0.9      +    7.4  =  +    f..e 


XW   +    0.6  =  —    5.7 
2.3      —     1.7  =  —    6.4 


,. 

40 

— 

+ 

2.0 

4.00 

Ml 

0.2 

0.04 

i'7 

1.5 

2.25 

4.0 

16.00 

T'l 

i).7 

94.09 

+ 

10.11 

+ 

7.1 

50.41 

+ 

(;,r> 

+ 

1.2 

1.44 

I.  r. 

11.2 

125.44 

•n 

1.5 

2.2.1 

4  1 

7.5 

56.25 

+ 

CH 

+ 

•i.G 

6.76 

VI 

CO 

30.00 

+ 

:t.ii 

+ 

1.4 

1.96 

+ 

1.11 

0.7 

0.49 

+ 

0  7 

2.3 

5.ai 

+ 

f.,:i 

+ 

o.y 

O.bi 

+ 

5.6 

- 

+ 

i.e 

2.56 

0:25  ^  1 

10.24    4-   * 


+ 

0.8  =  - 

1.8 

3.24 

1.60    -f 

+ 

8,2 

67.24 

0.64    - 

+ 

0.5 

0.25 

1.00    - 

+ 

0.2 

0.04 

0.81    . 

1.3 

+ 

6.5  =  4. 

4.7 

22.09 

0.81     - 

4.6 

30.25 

+ 

2.0  =  — 

0.6 

0.;Ui 

2.55    - 

+ 

7,8  =  + 

3.2 

10.24 

5.29    - 

16.81 

1.44 

46.24 

4.84 

14.44 

7.84 

32.40 

9.01 
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Ikltimlmtku  €fdfj/ieremeB€fpermmal  trom  of  AttHfianU  Paiffe  and  Fro9i,  ^.— Continnrd. 

IfluofliiM.  Kr*  — (P  — F)=         V  w  K«   —   (P  — F) 

V 0.8  +7.0  =  +  5.4  29.16  0.64  +  5.60 

at LI  +  2.7  =  +  0.5  0.25  1.21  +  2.97 

W IS>  +  3.4  =  +  1.4  1.96  1.00  +  3.40 

fi' 2.0  +15.8  =  +11.8  139.24  4.00  +  31.60 

• 3.3  +  2.1  =  —  4.6  21.16  10.89  +  6.93 

0 1.0  +  5.5  =  +  3.5  12.25  1.00  +  5.50 

M 1.8  +  3.0  =  -  0.6  0.36  3.24  +  5.40 

3459.59      +  524.20      +1060.34 

lansftl  eqnfttion : 

+684.20^+1060.34^=0  ixf=i  — 2.02Ba 

hoUcRor  of  a  single  oboervation : 

ro=  ±  0.6745     /^'^  =  ±  3.64"- 
ItobieRor  of  x': 

f,'=  +  -7?=  J.  -72^,=  =+0.16°'«  a/ =  —2.02™ ±0.16™ 


BdrrminaHom  of  dijferemoe  ofpenonal  errors  ofMeBsrB.  Paige  and  Sankee. 

koffiiM.  Ka/  — (P  — 8)  =        V  w  K«— K(P— 8) 

W 0.8  —  3.0  =  —  7.9  62.41  0.64      -      2.40 

» 1.8  +15.7  =  +  4.7  22.09  3.24      +    28.26 

«• 1.9  +11.9  =  +  0.3  0.09  3.61      +    22.61 

tr 0.8  +  1.6  =  —  3.3  10.89  0.64      +      1.28 

95.48  8.13      +    49.75 

Stomal  equation : 

ai3ac'  + 49.75  =  0  «*  =  — 6.12»>" 

Ptob.eiTor  of  a  single  observation: 

ro  =  ±  .6745  .^^  =  ±  3.80»»» 
fWb.  enor  of  Jt* : 

r.'  =  ^=±:j7=  =  ±1.33»»-  «'  =  — 6.12™  ±1.33™ 
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r  or  THi: 

rillEF   OF   F.SOINEERS 

,  U.  8.  . 

ARMY. 

r«m<il  tmr  a 

/  AtDittanl 

Joltntoii  fro-H  rati 

IMo//fo«/Vr«fU-! 

10  QrtfiiriiU. 

aK*-{»-.)=''' 

u'u' 

4K'  — 2K{pi- 

-1)  « 

«>      1 

S.ar' 

+  4.1  =  +  0.8 

0.64 

28.09  +  21.73 

+  2.7 

7.29 

«.a 

+  6.3  =  .+  2.0 

4.00 

47.61  +  43.47 

+  4.5 

20i5    1 

SI.9 

I  3.8  =  3  6.6 

31.36 

8.41  —  11.08 

—  4.6 

81  .'16 

S.3 

-  0,3  =  -  1.7 

■2.S9 

4,84  -    0.66 

—  0.9 

0  81    I 

S.0 

-  0.7  =  -  1.9 

3.61 

4.00  -     1.40 

—  1.2 

1.44 

8.4 

+  4,1  =  +  8.6 

6.76 

5.76  +    0.84 

+  3.5 

18.25  ■ 

1,0 

-  1.9  =  -  2.5 

6.£S 

1.00  -     1.90 

—  2.2 

4.84  ■ 

0.9 

+  5.3  =  +  1.0 

1.00 

47.61  +  36.57 

+  3.5 

1-^.85 
163,84. 

B.a 

+14.8  =  +11.0 

121.00 

27.04  +  73.84 

+12.8 

1,0 

+  1.0  =  +  0.4 

0.1G 

1.00  +    1.00 

+  0.7 

0  49 
7.29   a 

».l 

+  0.3  =  —  5.3 

28.09 

82.91  +    2.73 

-2.7 

3.7 

—  3.9  =  —  0.8 

38.44 

13.69  —  14.43 

—  4.9 

34.01  % 

5.3 

+10.4  =  +  7.1 

50.41 

88.09  +  55.12 

+  9.0 

81.00  f 

4.9 

.  .  0.3  =  —  a.o 
-  .  8.7  =  —  0.5 

tl.41 

17.64  —    1.26 

—  1.4 

1.96  1 

6.11 

o.as 

27.04  +  14.04 

+  1.4 

1.96  1 

tkH 

- .  3.4  =  —  0.8 
+  0.4  =  —  0.7 

o.iii 

46.24  +  23.  la 

+  1.6 

a.56  a 

l.S 

0.49 

3.24  +    0.72 

I  0.1 

0.01  A 
2.89  3 
1.00  "^ 

n.B 

-  -  1.8  =  +  1.5 

a.25 

0.35  +     0.90 

+  1.7 

3,7 

-  -  8.0  =  —  0.3 

0.00 

13.69  +     7.40 

+  1.0 

1.0 

-  1.5  =  —  8.1 

4.41 

1.00  -    1  50 

-  1.8 

3.24 

SB 

+  0.8  =  +  1.1 

1.21 

67.W  +  50.84 

+  4.1 

16.81 

3.1 

-  3.0  =  -  4,9 

24.01 

9,01  -    9.30 

-3.8 

14.44 

336.37 

485.90  +299.85 

401.79     : 

Xlt' 

v" 
'  +  4.9  =  +  6,3 

38.44 

13.69  +  iai3 

+  3.9 

15.21 

0.S 

I  1.0  =  I  0.H 

0.64 

0.25  -    0.50 

-1.1 

1.21 

M 

+  0.7  =  +  8  0 

6.7G 

30.25  +    3.m 

—  0.7 

0.49  J 

T.l 

—  5.0  =  —  a..-) 

6  25 

50.41  —  a'i.50 

-6.8 

46.24   S 

8.1! 

+  3,4  =  +  6.3 

39,ea 

07.24  +  S7,88 

+  1.3 

1.69  1 

1.6 

—  0.8  =  +  0-4 

0.16 

8.56—    0.32 

3  0.6 

0.36  3 

3.S 

-  4.4  =  -  3.8 

10  24 

10.89  -  14,52 

—  5.3 

28.09  a 

3.G 

+   1.0  =  +  3.8 

7.84 

12.4-.  +    5.00 

+  0.7 

0.49  1 

2.9 

-  1.0  =        0.0 

0.00 

8.41  -    2.90 

-1.8 

3.24  1 

4.0 

+  2.5  =  +  3.9 

15.81 

16.00  +  10.00 

+  1.5 

8.25  1 

2.3 

—  0  4  =  +  0.4 

P.  IB 

5.29  —    0.98 

-1.0 

I.OO    g 

G.8 

-n.H  =  -  9,4 

t?8.;i6 

47.01  —  81.4-3 

—13.6 

184.96   a 

—  5.0  =  -  3.7 

13.69 

14.44  -  19.00 

-6.0 

36.00   Z 
19.:ifl  -g 

i!? 

—  4.0  =  —  3.4 

11.56 

2.89  -    6.80 

-4.4 

i.a 

—  1.3  =  -  0.9 

0.81 

1.44  -    1.56 

-  1,6 

2.56  PS 

Normal  eqiinliona: 


ol>.  orrorof  asiugle  obsirvatioii 
T,'  =  ±  0.6745^'"^=''  =  ±  2.70 


I- 283.621"  — 97.9f 
j^'^  +  0.35 


r."=±0.G745^^;?>  =  ±^; 


f  769.5'>j-f  2Ul.87  = 


=  ±  0.0745^1^  =  i3.0: 


J  =  _  0.20 
To  _  3.07 

=  ±V'j'-~'^  ^769.52' 
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kkmiMMiiaa  0/  rdafire  permmal  equaiion  of  Assistants 
nmAi  ^  that  fortym  of  the  line  from  Ecokukj  Iowa, 
Imftnrf  (cadMRorlv  65  and  151. 

iE  Kxf  (J— F)            V 

« 2.4X'  —  0.2  =  ^  0.7 

r 2.8  +  2.2  =  4-0.5 

« 0.8  +  2.8  =  + 2.3 

n 2.6  +  6.9  =  4-5.3 

n as  4-  1.9  =  — 0.1 

S 4.2  —  2.0  =  — 4.6 

76 2.5  4-  1.7  =  4-0.2 

79 1.2  4-  1.5  =  4-0.8 

8 2.0  4-  3.5=4-2.3 

M 1.4  4-  1.8  =  4-0.9 

a 2.3  —  0.5  =  —  1.9 

m 2.6  4-  3.2  =  4-1.6 

s 1.4  4-  1.7  =  4-0.8 

m 1.1  —  0.7  =  — 1.4 

(6 1.2  4-  4.9  =  4-4.2 

1.8  4-  3.2=4-2.1 

1.6  4-  2.1  =  4-1.1 

1.3  4-  3,6  =  4-28 

M 0.9  4-  1.4  =  4-0.8 

96 1.0  —  0.2  =  — 0.8 

W 2.0  —  1.7  =  — 2.9 

» 2.4  0.0  =  —  1.5 

101 2.6  4-  4.8  =  4-3.2 

Itt 2.0  4-  1.7  =  4-0.5 

31 1.4  4-  0.7  =  —  0.2 

104 1.0  4-  1.7  =  4-1.1 

3.4  —  4.2  =  — 0.3 

0.3  4-  2.7  =  4-2.5 

1.7  -h  0.2  =  —  0.8 

1.3  4-  3.8  =  -f-  3.0 

S 1.3  4-  0.6  =  — O.J 

m 1.4  -h  0.1  =  — 0.8 

lU 3.0  —  2.5  =  — 4.4 

U4 1.2  4-  3.4  =  4-  2.7 

115 1.0  4-  2.1  =  4-1.5 

116 1.1  —  3.6  =  — 4.3 

35 2.8  4-  4.7  =  -f-  3.0 

119 1.0  4-  1.3  =  4-0.7 

36 1.4  —  2.4  =  — 3.3 

3.3  4-  2.2  =  4-0.2 

1.0  4-  3.C  =  -f  3.0 

37 0.7  —  1.9  =  —  2.3 

1.4  4-  5.1  =  4-4.2 

0.7  —  1.0  =  —  1.4 

2.0  4-  1.2=        0.0 

MB 0.8  4-  0.4  =  — 0.1 

129 1.4  —  0.3  =  —  1.2 

36 1.4  —  0.8  =  —  1.7 

130 1.5  4.  4.4  =  4-3.5 

131 1.0  4-  2.6  =  4-2.0 

132 2.1  —  0.7  =  — 2.0 

40 0.5  4-  2.3  =  4-2.0 

133 1.4  —  18  =  — 2.7 

135 3.0  4-  2.9  =  4-1.0 

L16 1.0  4-  40  =  4-3.4 

137 0.8  4-  0.2  =  —  0.3 

138 0.9  4-  2.3  =  4-1.7 

139 1.6  —  2.4  =  — 3.4 

140 0.7  4-  2.5  =  4-2.1 

141 1.6  -f  4.7  =  4-3.7 

Uli 0.9  4-  3.0  =  4-2.4 

143 2.1  4-  3.3  =  4-2.0 

145 2.5  4-  1.0  =  —  0.6 

146 0.5  4-  0.3=        0.0 

148 2.1  4-  0.1  =—  1.4 

150 2.5  4-  1.3  =  —  0.2 

ISl 0.3  4-  0.6  =  4-0.4 
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+410.' 8 

73 

+408.0 

eaa 

+4111.1 

+ias.B 

i7n.c 

TJio-i 

r 

+100.7 

N 

+1E.1 

K> 

+  187.  B 

+  42i:s 

100 

70.  D 

+  171,  U 

log 

76.7 

42' 

'"m 

44^'9.0 

loa 

711,  K 

lot 

+  IW  :i 

JOB 

win 

+Ill^* 

+M3:o 

iw 

lOT 

+441!  1 

loa 

87:8 

+200:  a 

+  «7.0 

iw 

*"" 

01' 

IBB.  5 

+443.8 
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rsMilff  of  leveU  hjf  Aseiitanta  Paige  and  Frost,  fe, — Continiiod. 


Kouof 

lino. 

IKl 

IM 

80L5 

Ul 

9L4 

U8 

82L8 

U» 

82.8 

120 

M.2 

121 

97.0 

122 

97.0 

128 

loai 

121 

10L3 

12B 

102.8 

128 

108.8 

127 

104.8 

128 

lOOLO 

llf-PJ 


+225.3 
+220.8 
+229.4 
+238.5 
+244.2 
+24&9 
-.253i2 
"280. 5 
-  270. 7 
+209.4 
■274.1 
+27&4 
+277.9 


Ko.of 
lioe. 


[K]     ■    fP-P| 


52* 
53' 
54' 
55* 
50' 
57' 
58' 
59' 
W 

or 

82' 
63' 
84' 


197.3 
108.1 
199.1 
200.0 
202.8 
204.8 
205.6 
206.7 
287.7 
209.7 
213.0 
214.0 
215.8 


+441.4 
+444.4 
+445.7 
+44&4 
+461.7 
+457.8 
+484.8 
+467.0 
+470.4 
+488.2 
+488.8 
+493.8 
+400.8 


north  and  ooutk  lines  of  levels,  run  by  L,  L,  Wheeler,  between  AutUm 
and  FHar's  Point,  Miss. 


BLIL 


IT.& 


8 

9 

10 

U 

12 

IS 


[K] 

0.0 

1.6 

2.7 

8.6 

4.6 

S.9 

8i9 

7.9 

a7 

lao 

12.5 

18.6 

1&6 

16.5 

19l7 

[•-»] 


ao 

2.8 

2.9 

&8 

5.1 

9.3 

10.5 

9.4 

9.4 

Vi.  0 

•12.8 

-ia6 

•17.1 
16.8 
17.6 


B.M. 


U.S. 
14 
15 
16 
17 
18 
10 
20 
21 
22 

U..S. 
23 
24 

U.S. 


[KJ 


21.0 
23.1 
23.7 
25.3 
27.8 
29.1 
31.1 
31.0 
34.4 
30.4 
36.9 
39.9 
42.2 
43.5 


[s-n] 


+10.8 
--20. 8 
--17.0 
--15. 5 
-  -19. 0 
--2L2 

--ia5 

--19. 4 
--23.2 
--23.0 
--23.6 
--32.3 
--84.0 
--36.5 


Precise  letelsfrom  Keokuk,  Iowa,  to  Orafton,  III, 


B.1L  Distance.!  S.— N.  i[S.— N.] '  B.M.   Distance.!  8.— N. 


67 
68 
70 
73 
76 
78 
79 
2S 
24 
82 
85 
25 
87 
88 
80 
91 
92 
94 


97 

99 
101 
102 

81 
104 
106 

22 
108 
109 

88 
111 
118 

m 


112.86 

115.61 

116.38 

119.02 

122.29 

126w51 

129.02 

130.26 

132.  ."K) 

133.74 

13a  00 

138.59 

140.02 

141.07 

142.20 

144.08 

145. 08 

147.02 

147.06 

148.93 

153.75 

155.15 

157.80 

159.76 

10L18 

163.18 

165.62 

165.96 

167.64 

16&93 

170.24 

171.62 

174.58 

175.74 


m.  fit. 
—0.2 
+2.2 
+  2.8 
+6.0 
+  1.9 
—2.0 
+1.7 
+  1.5 
+3.5 
+1.8 
—0.5 
+.^2 
+1.7 
—0.7 
+4.9 
+3.2 
-12.1 
+3.6 
+1.4 
—0.2 
—1.7 
0.0 
f4.8 
+1.7 
+0.7 
+1.7 
—4.2 
+^7 
+0.2 
+3.8 
+  0.6 
+0.1 
-2.5 
+3.4 


tn.  vn. 
—  0.2 
+  2.0 
+  4.R 
+  11.7 
413.6 
+11.6 
+  13.3 
+  14.  K 
+  18.3 
+L'0. 1 
+  19.6 

-i-irj.8. 

+*fc4.5 
+23  H 
+28.7 
+81.0 
+34.0 
+  87.7 
+39.1 
+3a9 
+37.2 
+37.2 
442.0 
+43.7 
+44.4 
+46.1 
441.9 
+44.6 
-144.8 
+48.  G 
+  40.2 
+48.3 
+46L8 
+50.2 


115  ! 
116 

35  : 
110 

30  ' 
31'3 
124 

37 
125 
126 
127 
128  i 
120  , 

38  ■ 
1.30 
131  , 
132 

40  ' 
133  '■ 

135  ' 

136  > 

137  , 

138  ' 
139 

140  : 
141 

141  i 
143 
145 
146 
148 
l."iO 
151 


km. 
176.78 
177.85 
180.63 
181.  CO 
182.06 
186.24 
187.26 
187.92 
18D.28 
18a  00 
101.  O.-i 
102.72 
104. 10 
195. 45 
196.93 
107.93 
200.00 
200.51 
201.87 
204.91 
205.92 
206.74  i 
207.62  I 
200. 24 
200.03  > 
211.52  i 
212.  41 
214.52  , 
217.  02  ! 
217.53 
219.  65 
222.15 
222.48 


m.  m. 
+2.1 


0 
7 
3 
4 
2 


—3 

+4 
+  1 

+a6 

—1.9 

45.1 

-1  0 

41.2 

+0.4 

—0.3 

—0.8 

44.4 

42.0 

--0.7 

+2.3 

-1.8 

+2.9 

+4.0 

+0.2 

+  2.3 

—2.4 

+2.5 

+4.7 

+3.0 

+  3.3 

+1.0 

+  0.3 

—0.1 

+  1.3 

+0.6 


II 


tn.  fM. 
+52.3 

-i4a7 

+53.3 
+54.6 
+52.2 
+54.4 
+57.8 
+55.9 
+61.0 
+60.0 
+6L2 
+  61.6 
+61.8 
+60.5 
+64.9 
+  67.5 

+ca8 

+69.1 

+87.8 

+70.2 

+74.2 

+74.4 

+7a7 

+74.3 

+7a8 

+81.5 

+  84.5 

+  87.8 

+8a8 

+89.1 

+89.2 

+90.5 

+91.1 


^Bsfmmn  95  and  97  Htme  is  a  lirer  eroMixig. 
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25C8     1 


)F  THE   CHIBP   OF   BNGINEEBS,  U.  S.  ABHT. 


BM. 

KdU- 
Mow). 

B.-U. 

dla^l^. 

.s.'^S.,. 

KM. 

luoe). 

S.-H. 

-a. 

,sSi.,. 

n 

I 

« 

61 
M 

1.3 

1.7 

la 

Bio 

ij 

il 

+8- 

+*■ 

+«■ 
+L 

1.2 
6.1 

11.1 

ao.3 

M.1 
SB,B 

Wo 

SCI 

— lois 
—10.4 

Si 

i 

IBS 

:    308 

IS 

—  S.S 

-T.6 
-111 

BB.3 
«T.O 
63.* 

eaii 
n.g 

Is 

—  11.8 
-ttT 

—  >&> 
-«.l 

—  US.* 

—  16.0 
--T4.B 

—  80.1 

—  8S.S 

— lOtT 

-122,  a 

-I3«.l 

— MT.  a 

-ai 
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BXPORTe  OB  c 


8  OF  PAKTIBS,  UPON  f 


Office 


iiBBiPFi  RivKK  Commission, 
int  LouiM,  Ho.,  Sepleniber  15, 
lepart  on  tbo  field  opertitioaK 


Sir:  I  have  the  honor  to  HnliioiC  the 
my  ilirectiou  dnriuj;  the  Bcaaoii  of  188^ 

In  af^cordanco  wiTh  your  inatnioliotiB,  .»..  pan,/  led  SaiDt  Louis  o 

leK,  for  ArtanMa  City,  arriving  nt  the  latter  iioint  on  Seplemlier  ]..     ., 

boats  Miaxisaipiii  and  LanJsiAnu  and  Iho  tug  rrolio,  which  were  asBigned  Ut  the  ))Brtf,  ^ 
arrivi  d  on  llie  t'tli,  and  work  waH  liogliu  at  onue.  The  orgauiKalion  of  the  party  nM 
oa  folloivs:  J. A.  Ocki:nuin,  ohipf  of  party;  topopraiihom,  B.  H.  Colby,  N.  B  Craig, 
J.  C.  Quiutiia,  L,  C.  .liiiica,  I'.  Folkel,  O,  M.  Andernon,  nnd  W.  Garvin ;  hvdroKraplier^ 
C.  W,  Clark  and  D.  S.  Flonor;  levolors,  F.  B.  Freuch  and  H.  C.  Hoyer;  ilruughtBuiftD. 
Edwin  J.  Jolley.  E.  E.  HaKk«ll  vrD»  nttni'lied  to  the  party  until  October  lOtli,  nben 
be  received  orderH  to  rogiort  for  dntjr  to  ABmHlADt  L.  L.  Wbeoler  at  Vicksburg.  F, 
Fclkol  and  U.  M.  Andi-rson  joined  the  party  uii  Oot«bot  16,  and  W.  Garvin  on  October 
•JS.  R.  D.  VVbireronl,  who  starled  out  with  tbo  imrty,  naa  dlsaljlRd,  and  n-as  or- 
der<<il  to  Saint  IioiiiB  on  September  29.  Tliu  lub»riog  force  wne  about  the  e.'kme  as  the 
previous  season. 

The  topucranhical  work  ))eeau  ou  the  right,  bank  at  ArkansuH  City,  and  on  the  left 
bank  at  OUbtl's  Landing,  where  tbe  work  of  last  aenson  ended. 

The  Hiirvey  wan  completed  on  November  A  to  Barnes'  Lauding,  about  2  miles  aboTS 
Greenville,  where  it  joins  tbo  work  of  AssiBtant  G.  Y.  Wisuer. 

On  the  completion  of  this  reach   the  party   was  ordered  to  Natchez   to  reenine 
the  survey  and  coutiuiie  down  the  river,     Tlie  party  left  Greenville  with  qnarl«t- 


w  of  the  tug  Frolic  ou  November  5,  and 


ived  at  Natchez  ou  Novembers. 


Bayou  Saru,  where  it  joined  the  work  of  Asaiatuit 
a  received  to  disband  the  part; 


/eya  during  tbe  entire  aeaami. 
which  were  impassable  from 
ad  iu  such  oaaes  considerable 


when  orders  ii 
and  return  to  Saint  Lonis. 

The  stage  of  the  river  was  unusnnlly  fuvor.'iblo  for  si 
At  tbe  beginning  of  the  work  there  were  many  plaei 
the  deposits  of  mud  left  by  the  previous  high  water, 
detail  was  necessarily  omitted. 
From  tbe  lieginuing  of  tbo  season  till  the  middle  of  October  there  was  a  great  diial 

.„  ^:., :-  .1 .»  ....  .- e-third  of  the  entire  patty  were  sick  with 

a  disebar^ed  before  October  iS, 
is  experience,  it  IB  evident  that  it  '  * 


of  sickness  in  tbojiat 


malarial  fevers.  Of  tlie  original  party,  twenty  n 
ou  accouut  of  sickness.  Judging  from  this  experir 
to  take  the  Bold  prior  to  tbo  middle  of  October. 
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There  were  thirty-three  daysof  raiu  and  fog,  or  a  littlo  more  tban  oue-third  uf  the 
catiieieaaoD. 

The  prognaB  of  the  work  is  due  to  the  hearty  co-operation  of  my  assistantfl,  who 
iR  deserving  of  credit  for  their  fidelity  and  energy. 

TERTIARY  TRI ANGULATION. 

The  secondary  triangulation  was  not  carried  over  Spanish  Moss  Bend,  and  at  other 
potntfl  so  many  stations  had  caved  into  the  river,  that  a  tertiary  systoni  hocanic  iw- 
cesaiy  over  the  entire  reach  ahove  Greenville.  Below  Natchez  the  tertiary  work 
became  necessary  because  the  data,  such  as  azimuths  and  lengthu  of  triangle  Hides, 
was  not  fhruiahed  to  the  party. 

Th«  tertiary  work  was  always  connected  with  the  secondary  stations  whe.n  found, 
ukd  a  comparison  has  been  made  with  the  secondary  data  on  lile  in  tliiH  ot^ico.  Tho 
T«»uit4  are  given  in  a  table  below.  The  tertiary  angles  were  nieaHured  with  WUrd- 
emann.  No.  15:?.  reading  to  10  seconds,  and  Gamboy,  No.  '2,  reading  to  5  seconds. 

Anglea  "were  read  by  J.  A.  Ockerson  and  B.  II.  Colby. 

Comparigom  of  tertiary  with  secondary  triangulation. 


lines  compared. 


Tertiary    ,  S4»c«m«lary 
K-niicths.        l»ii;*thB. 


Rntio  uf 
di8cn.*iiancic8. 


WanTond-Cart«r 

Wan-Ol«'Tii 

^i:^.— AU'iav 

I-Ucil-Hiilloa 

s.  w  UAii.-i:nck  nm 

DAthiTRiaa-Siump 

i!>c^r>?aibpn-IVitigLuM 

>'.  W.  E*»i'  St.  F.  ihurrh  spire. 


34 
10 
18 
38 
68 
88 
90 
•J5 


1 
inelers. 

meUn. 

13S9.C7 

i:iJ5'J.7 

1  iu  46:{23 

2818.4     : 

2><19.5 

1  ill  2:ii;2 

1938.6 

vxvx  u 

1  in    4Ktl{ 

151H.0    . 

i:im2 

1  in    379tf 

3152. 0 

3ir»2. « 

1  in  IiiSiiU 

1M7.2    1 

1.M7.3 

1  in  i:472 

2223.8 

2223.  5 

1  in    7412 

1380.7 

1 

1:5J<U.  7 

L<-nf;thH  equal. 

Tbr  fullowin;;  mvtho<l  was  used  in  reading  the  angles.     Tiie  syNtein  wixs.  laid  ont 

aii>i  the  :iii$;Ir.*i  ;{enerally  r(*:id  in  advance  of  the  topoi^raidiers,  so  tliat  the  Ien;<:ths 

of  *ii:»-s  and  a/iniuths  eoiild  Ik»  used  to  cheek  the  stadia  \Yoik.     The  .-^  ])(»iiit   wiis 

Biark^d  by  a  ]iol('  about  t^  inehett  in^dianieter,  and  bearing  a  red-and-wliite  Ihi^  i>)  (li<- 

lio^rnii*)!  it  from  tlic  ordinary  sounding  Hags.     A  .strip  of  wliito  eloth  was  in^tcned 

sroiind  the  [lolc  near  the  iKittom,  to  which  the  pointings  were  made,  Ihns  obvi:itin<x 

r?T*>rf*  fnmi  r«wayiug  <»f  the  pole  in  the  wind,  or  from  its  being  ont  f)f  plumb.     In 

obk^rring,  the  theodolite  was  placed  on  an  ordinary  instrument  trijmd  centered  over 

thf  hole.' after  removing  the  pole.     The  angles  wen?  read  three  times  on  dilbreiit 

part*  of  tli«  limb  to  check  ern»rH  of  reading.     Most  (»f  them  wen-  measured  with  (lain- 

ii^y  No. ij.    No  attempt  was  made  to  contine  the  mea'»uring  to  favorable  eomlitit»ns  of 

ST  nil  .•sphere,  hut  angles  were  reiwl  whenever  the  target  <*oulil  ln^  seen  at  all. 

Hag-*  ran  be  set  and  the  angles  read  over  a  reaeh  of  r»  miles  a  day.  Consideiing 
tbf  Tiro«  KjM'Ut  in  this  work,  the  results  shown  are  reniaikably  good. 

Ill  viiw  oi  the  desinibility  of  having  fre<]uent  cheeks  on  the  stadia  work,  partieii- 
Li'.y  wht  n-  there  art^  so  many  new  obs4»rvei*s,  I  would  HUgj;:est  tliat  the  topographical 
purtir^t  Ik*  refpiired  to  locate  i)oints  at  intervals  of  not  more  than  a  mile,  by  means  of 
a  t^niar\-  system  of  triangulation.  This  system  shuuhl  begin  and  end  6u  lines  of 
koowu  ItrDg'tb,  HO  that  it  can  be  checked. 


TOPOGRAPHY. 


Th**  p-neral  scope  of  the  topographical  work  was  the  same  as  last  season,  a  deserii)- 
ti<in  of  whirh  is  given  in  Api>endix  G,  Progress  Keport  of  the  Mississippi  Hiver  C(»m- 
miftfion,  \>ir*-2.  The  compass  was  used  io  running  lines  through  the  woods,  as  hug- 
J^'Pt^-d  in  atN>ve  report.  This  metho<l  was  found  to  bo  quite  satisfactory,  and  mueh 
mori'  rapid  than  the  transit  lines  used  in  former  work. 

Beyond  the  prescribed  topographical  limits  there  were  located  the  outlines  of  bluffs, 
n]<l  ri\'er  lakes  and  bayous,  and  the  Red  River  from  Cut-off 
Bivir. 


Bayou  to  the  Mississippi 


nYDROOUAPHY. 


Many  msrc  sonndlngs  ware  taken  than  heretofore.    Besides  the  sections  nornml  to 
^  channel,  soiiiidinga  were  taJcen  along  the  line  of  deepest  water.    The  latter  work 


'  OP  THE  CHIEF   OF   ENOINBBK8,  IT.  S.  ABmr. 

-^  . ^ w  (larlntt  calm  •rearhn',  when  the  soon  dint;  iHint  was  ftllo 

ilrin  almtg  lb*  tlUTad  i>r  tb>'  cum-iit.  Tbo  <l««|>eat  tvaUii  fuuud  duriuK  IhK  svaw 
tS«  fi»t,  Ibe  Ma^  or  !♦»«*  bring  o!«>nt  27  fwt  bolow  Ibu  higli  water  of  lB«i. 
4eptb«aafixii>dBi  two  pndtUi,  mit;  iu-«i  Xew  Tuxas,  lutd  thu  otber  about  Ore 
kborc  BajoD  Sato. 

TW  larrls  *«»  hrnvd  on  iLd  niiuuuy  etevalioits  of  Iha  Uuited  8Ut«i  OuH 
a«alr4ie  Sanr^r.  Trr^  few  nf  Uto  Coast  8urt  ey  sMoe  linea  were  0ODuee(«d  «1 
IW'  Minm  niolit  dm  I>#  (oaaiL  Maujr  of  thuin  were  bun'eil  lie  low,  or  even  ir^^ 
•ttrfar*  aif  lb«  smaad,  aail  on  nutk  vas  left  >ibov«  Uie  enrface  to  iudicatetlM 
aTlbo  Vnrb-tuaric 

Anw  fonnof  braeh-n*Tk  w:u  ummI  f<ir  )»'inU  situated  in  Ilii- woods, aomei 
ttmu  ihv  river,  iht  ubJiMt  bMag  to  tncn^ase  thp  .tlabilily  and  lUHke  them  more  i 
nn«r,  to  llwjr  taui  be  nsrilir  ftiaiiil. 

TUaUrRcb-ntatkcmMdalMlofaflAt  stone,  I^  jncliea  aqiiare  and  4  iuohoathiok. 
■piwr  wrikoo  vaa  rfmnd  anKioih,  and  a  Loin  \taa  drillnl  in  tli«  center.  Into 
acoprar  bolt  wMt  ImAmI,  Iba  pud  projerliug  a  qiiorli-r  of  an  iucli  above  tbo  ' 

tiMktouf.    Tin  atuite  was  nuukrd  U)n>      .         This  wns  placed  three  feet  belt 
B    M 

«Dr(kWaftb«-gT(Kiii(l,  with  Um)  marked  BUTfnc<r  up,  carobtiiig  taken 

IsoMal  and  Ami.    Ou  ihia  atoue,  and  oentcred  over  tlio  mpp^r  bolt,  a  ca«t  iron  jri 
4  tnobaa  ta  dlanwler,  and  a  tm  lone,  was  plnnnt,  and  tha  dirt  tamped  in  aronvj 
TbniiIpnl3lir]fi-<>oou];hiuadMul»bi,-cUug  tod.     The  top  iaelooedwithacap,    * 
ia  AwtDUM  to  llw  pine  by  iu««iia  of  a  bolt. 
The  cap  i»  Barlud  a*  foUowa; 


i 


NnniVr  of  miles  of  river  aurvcvt'd  (above  Greenvillo,  3S;  Natchez  to  Bayon 
Sura.  100) 

AviTn«i' mill's  of  rivor  Biirveyetl  pi-r  mouth 

NnmbiTof  tH|nart>  mill's  of  lojiograpby  (nbovo  Greenville,  70i;  Natchez  to  Bayon 

Sara.  l!,'i<i) 3S 

.AviTiij;.'  iiiimlierof  sniinro  milesi  per  mouth 

NnuibiT  orili'VHtiiniHdi-ti'rminod 34 

Avi'viisii'  iiiiiubi'i-ol'rli'vulioiis  per  Bqiioro  mile 

NiimUt'r  of  bitBK  ImeH  itieiisiired  nilb  steol  tape 

Nuuilier  of  Mmio  bouch-iii arks  set 

IIYDROGKAPHT. 

Totiil  niimbiTof  Boundinfia 23, 

NiniiliiT  of  best  ant  nnglea  rend -. 15, 

Avcviigo  ilistnuco  lietnceu  Bi-i-tions 3 

Nuinborof  sqnare  luik-B  of  bydroKraphj 

Tol.iil  uuuibur  of  square  miluH  survoyeil 

Plato  1  bIiowb  the  portion  of  tho  river  eovered  bj  the  survey. 


Tho  mto  of  caviDg  in  tho  bonds  between  Arkftdsas  City  and  Grconvillo  dnriug 
years  lUiiO  to  1682,  as  determined  l)y  comjiariu);  the  prexent  position  of  the  si 
line  nith  its  ^xisitiou  wliea  tbo  triaugulatiou  was  douv,  ia  given  iu  a  table  bel 
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bciflg  no  TBliable  data  for  determining  the  rate  of  cAving  XhAow  Natchez,  this 
bM  been  omitted. 


LoMllty. 


'  Anunal 
Character  of  bankn.  !   rate  of 

caving. 


3mOm  betoir  Artmiit  City, 
■ilea  beknr  Arkaaiaa  City. 

opposite  Port  Andanon 

Bead  ft  mile  below  Offiitt'a  .... 

Bend  at  Eatopia 

Bead  at  Aabbrook  Point. 


'  Itettrt. 

Clay  and  tuind 57 

do I  14 

Snnd  and  Hilt 23 

CkiT  and  sand  ....  30 

...do    !  3« 

Saudanddilt 29 

\f  BiMd  I  of  a  milo  belqir  Gainea  f  jmding |  Cluyandsand 35 


■lira  below  Gainea  Landine ■ — clo i  14 

BtScott'aLaDdini I.. ..do 22 

a  Brad  at  Morria  Landing {....do >  40 

'   ~     'atTarpleyplaoe ' do 28 


SAND  WAVKS. 

A  minirte  aorvey  was  made  of  a  saud  bar  near  Fairviow,  Ln. ,  for  tlio  piirpoRo  of  show- 
h§  tbe  sand  waves  which  are  characteristic  of  all  bar8.  The  bar  solcctod  is  not  an 
dati— ie  caae.  There  are  many  which  have  larger  and  higher  waves,  an<l  others 
wUch  are  comparatively  amootn.  In  the  latter  caso  the  waves  have  the  api)en ranee 
•fa  pond  whoae  aarface  is  mfBed  by  a  gcntlo  breeze. 

It  is  evident  that  these  waves  are  mainly  duo  to  Iho  action  of  the  water,  an  they 
an  ixoquently  foand  on  the  lower  part  of  bars  composed  of  silt,  which  in  not  movable 
by  the  wind.  The  particles  on  the  above  bar  aru  al>out  (be  size  of  common  building 
■and.  The  crests  of  the  waves  are  smooth  curves,  vrhich  arc  frequently  parallel  for 
■everal  waves  in  succession. 

The  bluff  part  of  the  wave  is  on  the  down-stream  side,  iind  Ih  frequently  nearly 
verticaL    The  slope  on  the  np-stream  side  is  generally  very  gentle. 

A  plat  of  ih«)  Fairview  Bar,  which  shows  the  waves  by  means  of  contours  one  foot 
apart,  and  two  sections  of  the  bar,  is  appended  herewith.  A  model,  showing  the  bar 
m  xelief ,  has  also  been  prepared. 

LEVEES. 
ARKANSAS  CITY  TO  GREENVILLE. 

Sighi  ^nk. — From  Arkansas  City  down  f  milo  the  cuibuiikment  of  the  L.  R.  and 

IL  R.  B.  R.  serves  the  purpose  of  a  levee.   Hero  tho  railroad  turns  back,  and  the  em- 

•baakment  of  an  old  abandoned  railroad  continues  alou;j^  the  river  for  l^  miles,  ^vlieu 

it  diaappears.    One  and  a  half  miles  lower  down  it  n^ain  aiijiears  and  follows  along 

tlK  bank  of  what  was  at  one  time  tho  ehuto  of  Island  80,  to  (Taincs  Landing,  the  only 

\wak  being  a  small  one  through  which  Boggy  Bayou  imsses.    At  this  break  the  b'vee 

it  now  about  2  miles  from  tho  river.     A  privato  levee  indoser;  t  he  plantation  at  Gaiites 

landing.    Ai^cr  following  aloug  near  the  river  for  f  mile  below  Gaines  the  levej 

cads  abruptly  on  the  caving  bank  of  Rowdy  Bend.    1  his  bre.ik  is  about  3  miles  long, 

;    Raelilng  to  a  point  near  Scott  Landiu";.     Here  the  levee  divides,  and  one  portion  of 

I    Hrans  south  about  half  way  acrofis  the  point,  then  turns  west  and  runs  to  Yt^llow 

j    BiyoiiY  forming  a  back  levee  for  tho  pbintations  front ini;  on  Spanish  Moss  Bcn<l,  and 

I    tnriag  the  water  which  overflows  the  bauks  in  Rowdy  Bend  into  Bayou  Ma^on. 

'■.      Tbe  other  part  of  the  levee  follows  along  near  the  river  down  to  the  ehute  of  Island 

i    8|  tbesice  down  the  chute  to  river  on  the  Tower  side  of  tho  point,  thence  alorjjf  river 

I    wnk  again  down  to  near  Bellevue  Landing.    Here  it  turns  and  joins  the  back  levee 

I    Mationed  above.    This  line  is  broken  in  many  places,  one  of  the  breaks,  near  Lin- 

r    vood,  being  about  i  mile  lon^. 

I  The  levee  begina  again  i  mile  below  Bellevue  and  GOO  met-ers  from  tho  river,  and 
nas  down  till  it  Joins  the  old  levee  about  i  mile  abovo  Luna.  The  old  levco  extends 
■kore  this  Juncture  about  a  mile.  From  Luna  tho  levee  is  continuous  for  about  4^ 
■iln,  when  it  is  a^ain  out  off  by  a  caving  bank.  At  Point  Chicot  Landing  it  appears 
tpin  ^od  runs  directly  back  from  the  river  for  a  distance  of  00<')  meters,  where  it  is 
•S^n  broken,  and  does  not  appear  till  beyond  tho  limits  of  this  survey. 

Lrft  lank, — From  Offott's  Landing  tho  levee  nine  almost  directly  across  to  a  point  1^ 
Biles  above  Argyle  Landin;;,  leaving  Ashbrook  and  Woodstock  Points  outside.  It  is 
f60 meters  fix>m  the  river  at  the  lower  part  of  Miller's  Bend.  From  the  point  where 
ititrikca  the  river  above  Argyle  it  turns  and  runs  down  at  a  distance  of  ^  mile  from 
the  river  in  the  deepest  part  of  tlio  bend,  and  continues  down  behind  Ishiud  83  to 
OnenviUe. 


vmrnwrnm 
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NATCnXZ  TO   BAYOU   S«RA. 

Bight  bank.-      omVidnlia  the  levee  Ttina  down  near  river  bnnk  to  Whtttiball.   1 
it  tarns  back  a      rans  aroBiid  Nat^bpz  Island,  torn ing  near  tho  rivnr  again  a«arC] 

el's  Plan tntion.     ^'romUttcrpointitmuBationliOOnjetfliBfronitlieri         

the  bead  of  Saiin.  Calberine's  liend,  wberr  it  iaran  and  mna  din^ol  , 
anco  Point  to  tlio  Pecan  plantation,  about  i  mile  above  Qreen-a  LandiaK-  _. 
levee  then  fullowB  along  near  Uie  river  far  a  distance  of  a  mile  and  there  ends.  J 
tbu  lull  ur  point  lo  Ashley  Landing  thoro  is  no  levee.  Then  comes  apiere,  hadlj  fai 
aggrefjatiiiB  1 J  wiles  long.  Below  this  thoro  is  no  levee  till  wnroacli  Fnirripn 
there  are  Huvoral  patchoa,  with  a  total  lenglli  of  about  1^  miles.  At  HDmoF__. 
again  find  n  suiall  Idtco  1  niili!  long,  and  etonll  patche«  niay  befunndttown  aa&l 
Boug^re.  Then  thorn  is  no  levue  till  we  reach  Union  Polnti  wbero  it  starts  bark  tl 
thoold  river  bank  behind  the  batturo,  and  continues  for abont  3  oitite.  Then  eoiV- 
break  eittmdlng  to  Black  Ilowk.  From  this  point  the  Icvoo  follows  along  bcbia 
cjpresa  siramp  for  about  3  miles,  and  linsllv,  after  numerous  breaks,  ia  lost  entirt— 

._.. 1 !g  found  till  Ee<l  River  Landing  is  reached.    From  latt«r  t>otaH 

ver  Id  Smithtand,  where  it  turns  back  along  bank  of  Old  KitC 
—  -u  at  Fleta  above  Kcw  Tesas.     There  is  an  old  levee  a"   ' 


toncbing  the 

mites  long  l^ine  aldiig  ba 

from  thd  main  river. 

From  Flctn  the  Iotm 
"  Grand  Levee  "  in  brofc' 
titiuons  down  io  tha  vnt 
which  \Tna  aoarly  oIobm 

Lt^fl  ftflwi.— Thoro  in 
Tunifft  lalund.  From 
This  BUclion  was  know;.  ». 
mains.  There  oro  small  pn 
it  disappenrs  entirely,  &i'<* 
Moigunza.  From  tho  Jii 
Stnart'H  Landing.  It  b. 
half  a  mile  of  Iho  muittb  m 

Tliure  are  privjite  Il'vous 
about llmilea luijg,  ^T1lit'llI 

Behind  the  Cureun  plauti ,  „ 

serves  to  keep  out  tho  back  water. 

Allaway  plantation  hiiH  a  small  front  and  back  levee  1^  miles  long.  Arlonish  plM 
tation  above  Stamp's  Lundiog,  has  about  1  mile  of  levee.  Laugaido  plauiadd 
has  a  lovoo  along  lower  side  of  Clark's  Lake, 'which  is  abont  I  mile  Ioqk.  On  th 
Angola  plantation  a  levee  starts  in  about  opposite  Sniithland  and  folTon«  alodj 
about  a  mile  ftom  the  river  for  a  distance  of  nliont  4  miles,  when  it  ninci  iritotji 
blufi'H.  The-  locations  of  the  above-described  levees  may  bo  seen  on  Plate  I,  accoa 
panying  this  report. 


t  opposite  Tunica  Island  and  1  a 

rlTer  to  Morgansa  ei«vaete,  vbMa  Ift 

?)  metors.  Below  this  the  leT«e  is  ell 
ConpAp.  except  the  "Scott  creTaWJC 
igbt  bonk  ag^gate  a)>ont  34  mJIMS 
levFM  on  lbi>  Ivft  bank  till  we  MH 
,jro\i  Sara  there  naa  formerly  a  lefQ 
islrict.  But  lit  tie  of  the  leve«nowi| 
Hid  Landing  dona  to  Sebastopol.wT  ' 
ten  of  it  till  we  noich  a  point  opp« 
e  down  lu  Hardirick  ditch,  oppc 
?  wood  yard  and  rans  down  to  WiUi 
a  it  tnms  back  towards  tho  tillsi  | 
ast  below  flutchinH  Lauding  is  a  pittt 
itation  from  the  bills  to  the  riT«r  ball 
rviow,  is  a  leTse  2i  miles  long,  it«ij| 


III  tho  RuiHirl.of  Mississippi  Bivcr  Couimisalon,  Appcndii:  O,  page  162,  a.  disconioi 
iif  river-baok  pnifilfs  is  given,  A  continuation  of  tlio  sarae  Btndy  huslieon  mads  li 
Bin  brace  that  part  of  tho  river  lying  betwccm  AtkauBUs  City  ami  Douuldsonvillo. 

The  HoctiouB  of  the  banks  do  uot  differ  luntcriallv  from  those  heretofore  published 
uutil  wurencha  tioiutnear  Baton  Rongo(8tono  lino  No,  II).  From  this  point  down  tb 
lovMS  are  very  uluso  to  the  udge  i>f  the  bank,  and  tho  laud  outside  of  the  luvcc  is  vel] 
oflcu  three  or  four  feet  higher  than  that  on  the  inside.  This  indicates  a  dcpoait  a 
that  amount  since  levees  were  built.  Sometimes  this  deposit  reaches  nearly  to  tb 
toil  of  tho  lovec. 

Fho  sections  of  the  river  bed  grow  grodnaDy  n: 
Donaldsonville. 

Respectfully  submitted. 


and  deeper  us  we  approM^ 
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POST    OF    AaSOTASX   ElTGINEEB    C.    M.  WlNCHELL,   LaKF.    PROVIDENCE     TO 

Wabbxkton  akd  Bayou  Sara  to  Doxaldsona'ille. 

Office  Mississippi  Riveu  Commission, 

Saint  LouiSf  Mo.,  June  2'2,  1H83. 

I  hare  tbe  Konor  to  make  tLe  following  report  coDcerniDg  tbc  work  doiui  by 
Irographlc  mod  topographic  party  under  my  cliarge  daring  the  field  Ronson  of 
did63: 

edience  to  written  instmctions  from  yon,  I  left  Saint  Louia  on  Septombor  26, 
T  Lake  Providence,  La.,  to  asanme  charge  of  the  party  wliitrh  had  been  orgau- 
d  taken  the  field  under  the  direction  of  Assistant  G.  Y.  Wisucr.  I  arrived  at 
tovidence  October  3. 

tons  to  this  date  the  party  had  been  engaged  in  filling  up  gaps  in  the  last  year's 
which  had  been  skipped  on  acconnt  of  the  high  water  of  1882. 
nrrey  was  continnea  with  the  assiHtanta  assigned  as  folb>w8:  Ilvdrography, 

,  O.  W.  Wood  and  F.  B. 
Kerr ;  levola,  J.  C.  Cam- 
plottcfl  most  of  tbo  topo- 
*  field^notes,  the  field-plats  being  complcti'd  by  tin*  topographcrR  on  rainy  days 
other  times  when  they  could  not  work  to  ad  van  t  ago  in  the  iiehl. 
tant  8.  L.  Beaumont  did  some  topography  an <1  nssisted  in  the  plotting  until 
ty  began  work  at  Bayou  Sara,  January  H,  when  bo  was  made  bydrograpber, 
ssrll  having  resigned  December  28. 

tant  J.  C.Uammack  died  in  New  Orleans  December  31,  and  Keeordor  C.  N. 
<  carried  the  levels  on  the  left  bank  from  Port  Hudson  to  DoualdKonvilie,  La. 
Dt  A.  L.  Amer  reported  for  duty  January  12,  and  was  assigned  to  assist  tbe 
raphic  party. 

.'ammack  was  an  enthusiast  in  his  profession,  a  conscientious  worker,  iind  ex- 
ally  well  informed  in  the  various  orancheH  of  engineering.  By  bis  untimely 
he  Commiiision  lost  a  valuable  assistant,  and  bis  messmates  a  beloved  friend. 
»  highly  esteeme^l  bv  all  who  know  him. 

"ate  of  progress  of  tbe  work  was  materially  lessened  during  October  and  No- 
'  by  Mckoess,  nearly  every  member  of  the  )iarty  sufiering  from  fever  or  ebills 
'er.  B.  R.  Morgan,  steward,  died  October  13  and  was  buried  on  land  of  Judge 
It  Ha\«'  Lauding,  Miss.  There  were  very  few  now  cases  of  sickness  after  tbe 
04i  fronts,  but  !26  men,  out  of  a  party  of  sixty,  were  discharged  on  account  of 
fr  before  November  15. 

survey  was  bas<'d  on  a  syst<>m  of  secondary  triangulation  j)reviously  executed 
I'uiteil  States  Coast  and  Geodetic  Survey,  all  interujedinte  points  for  delineat- 
'  ti)»f»graphic  features  being  located  by  transit  and  stadiii.  tbe  stadia  (;ours4's 
b«ck«^l  by  counec'ting  with  triangulation  stations.  A  eont  iiuious  line  of  levels 
in  down  each  bank  of  the  river  and  numerous  points  detenu iu4>d  to  aid  tbe 
a)ibers  in  developing  tbe  five-foot  contours.  Tbe  levels  are  ivOth  d  to  tbc 
kis  datum  plane  of  the  Mississiitpi  Kiver  Coniniission,  and  are  ebeeked  by  con- 
I  with  precise  Itencb-marks  established  under  direction  of  tbe  ITnited  States 
md  Gt^>detic  Survey. 

H-line  liench-uiarks  were  established  once  in  about  three  miles  of  river,  con- 
of  four  stones  (two  on  each  side  of  tbe  river),  ^j-t  in  line  at  rigiit  anj^b's  to 
innel  of  the  river,  the  stones  furthest  back  being  usually  1,000  to  l,*^oo  nu-teis 
Mt  river  bank.  These  line-s  were  so  arranged  as  to  i>ass  tlirongb  .a  triangulation 
on  one  or  both  banks  of  the  river,  tbe  distauc4$  back  b(>iii~g  4lrt.rrniined  by 
The  elevaiions  of  tbe  bench  marks  were  ebecketl  by  jluplicate  levels.  Tw4» 
)f  bench-marks  were  used,  the  ones  nearest  the  river  I)i. ing  ;::ianile  pt)sts  Ibree 
Dg  and  six  inches  stjuare,  set  in  the  groiiinl  with  tbeir  tops  projecting  about 
it  above  the  surface.  The  bench-marks  set  farther  from  the  river  consisted  of 
»n«*  Wx  18"x4",  with  copper  bolt  lea<led  into  bole  in  ci  nier  of  upper  surface, 
one  was  set  2J  feet  below  the  surface  of  the  ground,  and  an  iron  ])ipe  liv4^  feet 
arnfally  centered  over  tbe  copper  bolt  and  held  in  position  until  the  bole  was 
tod  ground  tumped  around  the  pipe.  The  to]>  of  the  ])ipe  ia  covered  with  a 
liich  can  be  removed  toadmit  the  leveling  rod  so  tliat  tbe  sron»».  I'aii  bi»  reached 
It  disturbing  the  earth  around  or  over  it.  The  elevations  of  tb<i  lop  of  the  cop- 
t  in  the  stone,  and  of  tbe  top  of  the  cap  on  the  pipe,  were  both  (leteriniued  in 

style  of  bench-mark  is  preferable  to  the  stone  post,  because,  having  a  nun'b 
r  base  and  being  lighter,  its  value  will  n(»t  change  so  much  by  settling;  the 
me  being  entirelv  beneath  the  surface,  will  not  be  in  so  much  danger  of  acei- 
distnrbance  as  the  stone  post  which  projects  above  the  surfjice ;  and,  lastly,  it 
more  easily  found,  the  iron  pipe  pr4»jecting  2^  feet  above  tlui  ground. 
oodeil  country'  the  compass  and  stadia  were  used  for  locating  ]M>ints  of  eh^va- 
Mlevelop  the  live-foot  contours.  By  using  the  compass,  woods  and  swamps 
examined  more  rapidly  and  with  less  cutting  than  by  the  usual  method  of 


s^ 
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thn  h  coiiBtddrabl  V 

r»  CDiiucrtM  iritfi  Ibv  regular  a _ 

kils,  it  waa  fouud  tliat  tbe  work  closed  wiiL  an  errnr  of  lew  if 


EOTTej  --o  completed  to  Big  Bayon.  alMtut  ei^ht  milM  belun- Vif ksliorg, 
A— ..jtil  L.  L.  n'bcelci^  P^^?  br^an  work,  December  '±1.  Tb«  tng  MigDon, 
had  becoBM'  diaalilcd,  wiw  laid  up,  and  Ihe  party  wus  dutaiiicd  at  Vickiibi — 
Jmnnar;  L.  Irt^  wsitiiig  lor  a  boat  lo  inovc  us  to  Bayou  Sara,  L.a. 

Is  obedirkre  lo  your  instrucliouH  tlii^  parly  fftarteil  for  Bayon  Saia  aa  sooa! 
in»i  launch  whidi  bad  iMen  aaMgocd.  to  the  party  was  repaired  Bufflcientl; 

Warfc  wasbeonn  at  Bajma  Sam  Jannary  tt,  six  days  having  been  coDsumed 
Uog  lbrr«  (taniVielubuiig.  Wc  ncre  fluUynl  «ii  tbo  way  by  Tog  and  by  the  wl 
Ibr  Uonch  grtttng  laowv  ivUeb  made  it  iiccrmary  tii  lioist  Iicr  out  of  tbe  irateri 
RfMirWr.  Aiwir  hnU  waacnat  for  tlie  nfacci  al  Bnlnn  Kougp,  but  Iho  boiler 
10  hadl5  Itial  tlie  tag  naaof  very  litllo  ii»c  lhi>  reM  of  tbo  sf.aaoa.  Tbu  tux 
~  «  awignnl  to  (he  party  a  abort  timi',  wbicb  enabled  as  to  get  good  BoiuidinB 
■  ■'   '        "'-        -  '         ■'  '■  -  '■  ■  ■  ■  ■     oedfl 


dpI  below  ri»<i( 


the  HX-oiurd 
dru^hniid  Biron 

Below  BayoD  Sara  tl 
liver,  beeauae  Ibp  Iwnli 
river  batuit  mtirb  Icn  tu.- 

Tbe  MUvey  nraa  eoiuptetnl  . 
Survoy  h>i>o^ni|>hy  Uarcb  I' 
wfira  relaUHHl  rrtnrued  to  tl 
INunrvr,  lh«  ing  t'Tnli^  ftnil 
taw-bosi  Ualii^r,  ami  hia  no.. 

A  full  d««criiitioii  of  tbo  4 
reqtiinNl  ti>r  earli  party,  and 
in  Ibc  R#)inrt  ofth«  ]ilia»saii']»  .»• 

Tbo  BBiMuu'ii  work  may  be  Bumnii 
MilM  of  river  surveyed 


bere  Ihcy  eould  not  well  hovo 


at  the  theii  existiug  higb  Htage  of 


obtaioed  : 
.  oil  acconut  of  tbe; 


lot  set  ito  fnt  biipk  from  ; 
of  ebango  in  position  of'; 

niHdo  with  tbb  d 
I  diecbnrjjfd,  aud  tbe  nasisla 

,     The  quarier-boatB  Tenue 

turned  over  to  Captain  Daft,  of 


e  working  parti 
trrying  on  the  work 
aoa  for  Itm. 
iowa: 


the  number  of  IM 
k  in  detail,  iit  ^n 

J 


bgDam  mllee  vi  faydnsrapli] 


laaurvcyed i 

Duerrfoada  ithKen  pneite  and  ordiaorjr  lereU. 


BctWMo  V.  B.  If  a. 


KoLllSaii'llM.- 


J.  C.  CuQimick*! 


So  MttnfllO 

Mo.l9imill7    

The  Kuui  of  these  diaoropan 


— 0.8G9  feet  for  a  diitauce  of  159  milea. 


!a>lX  TT — ^REPORT  OP  MISSTSSrPPI  RIVER  COMMISSION.      2575 


Mwem  right  and  left  bank  ordinary  levels. 


LoMltty  wImko  oompared. 


•  PMDt 


r  Profit  JUndTT!!:. 

■■'•  landing 

A  lj>iwliux  .•.....-, 
:«alaodiii£ , 

!'•  Point.. r. 

•adlAiwHng 


iLaadiBf 

■a  Ifllaad 

ULsBding 


Distauce. 

i  Discrop- 

j     niicy. 

Miles. 

Feet. 

7 

0.  'Jtn 

3« 

O.UIH 

G 

U.  liiO 

11 

0.  107 

4| 

0. 1  0 

6 

0  1:M) 

0    , 

U.  Ill 

10 

0.  L»1U 

4 

0.  JOO 

4 

0.100 

12 

0. 0J8 

2i 

0.  L>78 

8 

0.180 

3 

0.  i:)0 

0.004 
0.113 
0.100 
0. 122 
0.03G 
0.014 
0.0G4 
0.002 
0.005 
0.104 
0.046 


mOH-WATEB  MABKS. 


Xo.  97 


n'sBcnd 

Ti^ie 

»  Poiol . . 
jckej  .. 

tniDt- 

D  Hap«  .. 


Do 
jiLrr:tr«Cfaon:h. 

Coala      

idLunUnj; 

iMWTille 


Well-deflned  mark  on  tree  opposite  Lake  Providence,  La   ... 

Nail  in  large  oak  tree 

do        

Well  defined  mark  on  Mr.  Zach.  Lontberroan*s  honae,  about 
one  mile  below  Arcadia  Ltindinf!. 

On  steps  of  Morancy's  honse,  buck  of  levee 

]Uark  cut  on  curui'T  of  gin-bou^vo  in  front  of  lovce 

On  steps  of  dwelling  tbrco  mile:*  below  Young's  Point  Landing 

On  United  States  gauge 

Mark  ^n  tree  two  niilcs  above  Plaqueniino 

Nail  in  cottonwood  tree  it  landing 

do 


I 


Do. 


Well-defined  mark  r«n  warehouse 

Mark  on  w.inrhonso  established  by  Gen.  J.  Thompson 

Marks  cut  on  northwest  comer  of  market-house  by  Gen.  Jeff,  i 
Thompson.  ! 


1882 

114.08 

1882 

111.53 

1880 

100.40 

1882 

110. 45 

1882 

102.25 

1882 

105.05 

1882 

00.02 

1*582 

47.00 

1K82 

30.00 

lbr<2 

30.00 

18W) 

35. 40 

188S 

37.65 

1882 

37.35 

1874 

36. 12 

1802 

35.21 

1860 

33.  73 

1874 

1      35. 18 

Table  showing  surface  slope  of  river  as  determined  by  this  survey. 


"*"*'•  rewliug. 


I    JlfOe^. 

Prorldeaee  to  head  of  Island  95 6.7 

•f Ij^laod OTi to Uaya* Landing  I  3.5 

Lsading  to  Wilton 6.8 

itoCbotanl I  10.8 

nltof>irega      !  8.3 

I  to  XIrlpino  Landing.   ,  7.0 

wtn  Xebcaska  Landing '  4.5 

«!ia  Landing  to  King's  Point j  5 

■  Pfint  to  bead  of  Wtfm-nton  T.  H I  5. 5 

.^-a  to  Eclson  Landing |  12. 8 

)  f^-'nd'ng  to  Lobdt>ll*s  Landing    12.5 

V*  Landhiff  to  Baton  Rouge 10 

Booge  to  Manrbac ,  10 

lar  to  Foriom  Hope '  14 

a  Hone  to  Bayon  Gonla I  7. 6 

GoaU  to  I>oiialdaonTiUe 19.5 


Feet. 
0.70 
0.40 
0.40 
0.54 
0.26 
0.55 
0.86 
0.19 
0.10 
0.14 
0.13 
0.12 
0.12 
0.12 
0.14 
0.12 


11.50 
9.2 
8.0 
0.0 
8.8 

n.2 

13.5 
12.6 
11.2 
*15.2 
*14.5 
•18.7 
*24.1 
*27. 5 
*26.0 
♦30.4 


KiHiiig  or 
fulling. 


Falling. 
Stationary. 

Do. 
Falling. 
Stationary. 
Ilising. 

Do. 
I  Falling. 
I        Do.^ 
Killing. 
Stationary. 
Kisiug. 

Do. 

Do. 
Stationary. 
Rising. 


♦Baton  Bongo  gauge. 


*  Iqnality  of  the  wofkacciimp!i»h*iI  is  dne  in  a  gmat  mfa...    . 

c>-  of  m;  usistttiiUi,  tu  irlioiD  I  duirc  to  «x{nv»s  uiy  IbaDlufarfl 
'ul  tusnnn  id  whicb  ibo;  p«rfbraicd  Uieit  ilntii^n 
fully,  jour  ubeiiicnt  MPruit, 

C.    M.  WiMCSBLL, 

Cmitd  Stalm  MwitUai  E    ' 
FUirt  Lieat.  Smith  S.  Lxacb, 


3.— Bepoht  or  Assistant  E^fOiXBBR  L.  L.  Wbbrlkr,  Warrkktos 

Omcz  Mississippi  Rifcr  Commission, 

Sainl  LoHii,  Ma.,  July  5,  168 

^ih;  I  have  the  honor  to  sobmit  tfae  following  report  upon  the  operations  of  a 
]>iinr  ill  iny  charge  doriog  the  season  of  ld:^^'83. 

Tiie  v[»rk  aa&igurd  to  the  part;  wa«  to  make  a  topograpbical  and  hj^rogmtU 
Burvi.-y  of  thttt  jiurtion  u  ying  l>etire«u  Waireutoii  mill  NMM 

Uiss.    Tbn  Burvoy  noa  or  at  leait  thiei>quarieiH  of  a  mr'" 

cBfli  nicli-,  auil  in  all  «  m.    It  waa  also  to  include  61A  c 

lakfa,  Blungbs,  bayooa,  jographieal  fektorea  witbin  a  dUI 

of  tpu  niilieof  the  riv&. 

The  party  IvK  Saint  Lunja  the  < 
<|nartcr-lHiii  s  IlIiiiuiN  luiit  Kar*" 

lakeu  iu  tuw  bf  tbu  itvauist  0' . 

'M.    Two  days  wtre  speul  id  ;  coal,  ito.,  on  board  at  Ticksbnrg,  n 

tbe  b(>at«  were  1ow«d  down  to  ber  31. 

Awistant  Engineer  £.  &.  Hhm  uck  suua  after  the  naitv  took  the  fla 

unit  was  ftlilij-eil  In  Tctum  to  Bui".  isUut  UnginciT  H.  B.  Wood  junl  KW 

K..  Kantl  were  iletaileil  fo'  •"  i»<rs  ii«ir  Arkonias  Cily,  and  joined  4 

main  jiarty  aluint  the  luii  laistiint  EngiDvprO.  V  "^ 

It<r™nlur  E.  K.  Woodnal  "  •        ■      ■■ 

proinoleil  from  rodmon  ti>  — 
coDsiati'il  »l  AHBiHtaiit  Engi 

Wcbcr,  J.  W.  Doret,  O.  A.  ■L,..-.  ,  , 

t>cd.  Morley,  E.  K.  Woodiratd,^!.,  ..uu  aa\a  k\  Fitzhngh,  tritb  thu  uecesa&rjr oa| 
plcmviit  of  uieo.  ■ 

Tbe  tiehl-wurk  coiniueDoedNoveDilMr  I  on  tbe  triangle  side"  Last-Big  Bayon,''MMiS 
Bi^veu  i[iili^  belun-  Vicksbiirg,  aud  continuod  ontil  Febrnary  'H,  16S3,  wbun  tbe  md 
WUM  cntnpletcit  tn  Kntchi-z.  ■ 

thti  rnll'in'ing  day  Iniitrnmeijta,  chnrlH,  noto-lHKika,  Slc,  were  packud  and  aentlq 
cxprcBS  tu  Saint  Louie, atid  tba  party  dtHbanded,  the  assiataulB  retuniiuj;  Ui  tho  offlea 

Thp  party  wa."  Ibert'rtJro  t^iigagBd  in  fiolil-work  1 14  days,  Iti  of  which  were  gimdojl 
une  an  observed  holids.y,  and  on  14  tho  weathrr  was  surb  that  nu  tield-woik  conh 
l>e  done.  Field-work  was  tUerafore  done  on  83  days,  on  many  of  which,  howerctf 
only  part  of  tbe  day  was  siiilab'e  for  work. 

Tho  length  of  main  riv^r  sitrvByed  was  93  miles,  embracing  217.2  square  milea  o 
topography,  and  (i;<.3  square  miles  of  hydrography,  or  a  total  urea  of  SS0.5  oqiiHi 
miles  eurveyud. 

Tbe  suTcey  was  luued  npon  n  system  of  triangulatlon  and  a  line  of  precise  levtli 
Piecutfd  l>v  tbe  United  SUttes  Coast  and  Gooiletic  Sunuy,  the  rosulla  of  which  wen 
faniisbcd  from  that  offlcp.    Tho  sntvey  was  made  in  tbo  following  manner  : 

lat.  A  lino  uf  levels  was  run  on  eath  bank,  which  detcrminrd  the  elevations  of  tri 
angulation  Htatious,  sounding-atakos,  9ladia-8tak(<a,  stone-Una  beacb-markt),  watal 
gau^-i-s,  high-water  marks,  water  aui-faces,  Jtc.  Tbe  levels  on  the  right  bank  wen 
chovked  by  the  precise  levels,  and  Hiomb  on  tbe  left  bank  by  reciprocal  Toveling  aerM 
the  river.  Tbe  two  lines  also  mutnally  checked  each  other  by  frequent  detennina 
tions  of  water  aurfaoea  on  opposite  sides  of  the  river.  All  elovationa  tvere  referred  ll 
tbe  Memphis  datnra  plane,  which  is  a  piano  22.T  feet  below  tba  rea<liaE  34,16  on  tb 
Memphla  gauge.    The  leveling  was  performed  by  Assistants  Dorat  and  Kastl. 

2d.  A  sludja  line  was  run  on  each  bank,  obecking  frequently  as  tn  azimnth  aai 
distance  npon  triuiigulalion  stationa  and  iuteraections  on  distant  sign.ilt,  and  as  ti 
clovationa  npon  the  line  of  levels  run  on  eacli  bauk. 

Tho  principal  topographical  features  along  the  river  bank,  ioclnding  londii^ 
gnugi;H,  lights,  aonnding-stations,  &c.,  were  located  when  the  shore  line  wm  nm 
Tbo  topography  back  from  tlu'  river  was  taken  by  lines  run  b.ick  for  that  porpOM 
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Tees,  lakes,  blnflb,  bayous,  &o.,  when  berond  the  limit  of  topography,  waa  done 
J  stadia  lines  connectmg  with  the  main  unea.  The  toiK>ffraphi(^  work  waa  done 
7  AMiBtanta  Darrow,  Fergnaon,  Weber,  Mtlner,  and  Recorder  Woodward. 
3d.  The  hydrography  consiated  of  linea  of  aonndinga  taken  normal  to  the  stream 
fery  400  meters,  and  a  line  of  soundines  taken  longitudinal  to  the  stream.  The 
aaiidinKS  were  taken  with  a  22-poand  tallowed  lead,  aM>nt  every  third  sounding  being 
ocated  by  sextant  anglea  between  signals  on  the  banks.  A  sonndius  line  of  Italian 
Knp  was  first  aaed,  bnt  waa  discarded  and  a  cotton  line  used  instead. 

Asdstant  Wood  and  Recorder  Morley  performed  the  hydrographical  work,  and  also 
uteriallj  aided  in  the  other  work  of  the  survey. 

4th.  The  pointa  located  by  the  topographical  parties  were  plotted  on  protractor 
tetito  the  scale  1:10000,  the  sketching,  contours,  &c.,  being  put  in  by  the  observ- 
n  vben  field-work  conld  not  be  done.    The  plotting  w  is  done  by  Assistant  Orrman. 

Sib.  All  notes  were  reduced  in  the  field,  and  all  note-books  indexed. 

6th.  The  points  of  the  survey  were  marked  on  the  ground  by  the  usual  lines  of 
■nkhig-aUnies,  the  positions  and  elevations  of  which  were  determined,  and  desorip- 
tMu  Of  which  were  made  in  a  book  kept  for  that  purpose. 

Uf  thanks  are  dne  to  the  assistants  and  recorders  for  their  hearty  co-operation  and 
iikcnit  in  the  work.    Assistants  Darrow,  Ferguson,  and  Wood  gave  me  valuable 
ttsitaiiee  aside  from  their  regular  duties,  and  deserve  special  mention  for  the  inter- 
Mtdboim  in  the  general  progress  of  the  party. 
Yery  xe^iectftLUy,  yonr  obedient  servant, 

L.  L.  Wheeler, 
A§9iaiant  Engineer. 

Rut  Lient.  Smith  S.  Leach, 

SeenUuy  Mia9i99lppi  Bixer  OmmMam, 


i-Bnon  OF  Assistakt  Enoineeb  H.  B.  Wood,  upon  resurvets  in  front  of 

Cbevasses. 

Office  Mississippi  River  Commission, 

Saint  Louis,  September  15,  1883. 

te:  I  have  the  honor  of  submitting  to  you  the  following  report  ou  bydrographic 
*  above  Arkanaaa  City,  oompletea  during  the  months  of  October  and  November, 


1W  special  object  being  to  ascertain  the  effect  of  large  breaks  in  levees  upon  the 
Bvcr  bed  during  the  great  spring  flood  of  1882,  four  reaches  in  the  immediate  vicinity 
tfiiid  breaks  were  selected  for  bydrographic  obsorvatious,  till  of  which  were  located 
^tittt  pOTtion  of  the  river  surveyed  by  the  party  in  charge  of  Mr.  J.  A.  Ockerson, 
■Hsat  engineer,  during  the  winter  season  of  1881-82,  just  befurc  the  fluod.    The 
iaiKteh  extended  from  Malone's  Landing,  near  the  foot  of  Island  No.  66,  to  Aus- 
tebi;  the  second,  from  Riverton  to  the  head  of  Ozark  Island ;  the  third,  from  Bolivar 
to  Cypress  Crtek;  and  the  last,  from  Mound  Place  to  Arkansas  Cit^'. 
lie  party  ooubisted  of  two  assistant  engineers,  pilot,  steam  engineer,  fireman,  cook, 
Mbsii,  and  two  rodmen,  and  was  provided  with  the  tug  Eva,  of  Helena,  two  skiffs, 
ad  aaping  outfit 
TenMoand  the  sections  as  located  by  the  previous  party  require<l  that  the  stone 
■v  iboiild  be  found,  and  where  no  A  stations  or  other  landmarks  of  prominence 
*^  to  identify  the  other  sections,  a  stadia  line  was  run,  and  the  positions  of  former 
■ctMu  marked.    Accordingly,  with  some  few  exceptions,  the  re-sounded  sections 
***ideDtical  with  those  previously  established. 
Tbtvater  surface  was  counected  at  frequent  intervals  with  estab1ish(;d  benches 
■^■Rdto  the  Memphia  datum,  and  a  constant  gauge  record  kept  dnring  the  progress 
vtbework 
htbe  fiiit  reach,  from  Malone*s  Landing,  thirty-two  sections  were  re-sonnde<l,  cov- 
^s  diiitsiice  of  about  sixteen  miles.     These  cross-sections  liavo  been  )>lotte<l, 
'  ir  vith  the  corresponding  ones  of  the  previous  year,  and  their  areas  approxi- 
■cunred  with  the  planimeter,  the  results  being  tabulated  herewith.     A  very 
isaoant  of  fllling-in  below  the  breaks  occurred  hero.    By  the  annexed  table  of 
tied  anu  of  cross-sections,  it  will  be  seen  that  an  average  till  has  taken  place, 
>g  eaeh  section  about  2,200  square  feet  less  in  area  than  before  the  llood,  not 
ting  leetions  that  were  above  or  below  their  former  position, 
.^tbe  ttcmid  reach,  from  Riverton,  seventeen  sections  were  re  sounded,  covering 
MS  une  miles.    Here  each  section  averaged  about  11,000  H(|uare  fi'Ct  less  in  area 

B  we  third  reach,  from  Bolivar,  where  eighteen  sections  were  re-sounded  in  a  dis- 
■^jj  ten  miles,  each  section  averaged  8,400  square  feet  less  in  area  than  when 
tbs  prerions  year. 

smskk — le^ 


OF   THE  CHIEP  OF  YSODTBXXS,  V.  8.  AHHT. 


I 


e  iliiih»H.m  fortbe  H*«ral  reachea  wn 


>,  llMMd  FlMe  Bmk. . 


■■„ss 

:::  -Sia 


1  Ami  OcMbM-  10.  ISeS,  to  Nsmober  10.  1(62,  dnri 

d  fatr-fiTs  niles  to  Aiksmaa  City.     At  the  codcIosidu  of  I 
.—.._.,,.  >d  to  ricbboT^,  a»d  Joined  Uw  -  ..     . 

Wheakr,  AxottM  Enpxn.  >^n  fatcMed  st  JttMK's 

r«7  rwf«ufa|]|-,  yo 


Am  i«mi  JTmjii  ifi  i  ai»» 


1  AUSTSALU. 


'    Hfdara/ttC         gjiBii  J»««- 


M.IDO 


Cot  oat  br  c^BtB  «■ 


.    410- twlDWold aent. 
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iKteoM  itf  cro§8'8eetitm$  below  a  eommon  water-level  both  before  and 
after  the  flood  of  188Si-^oQtiuned. 


FBOM  BIVEBTON  TO  HJSAD  OF  OZABK  ISLAND. 


Mo 
ttoQLUB 


65,800 
74,050 
70,S50 
87,100 
100,400 
71,800 
50,000 
99^000 
93,560 
08,200 
75,850 
06^250 
02,200 
12,000 
lOOlOOO 
160,050 


Area  after 
flood. 

Difibrence. 

^guarefuL 

Sqtiare/eet. 

+  4.500 

64,850 

-  0,200 

48,100 

-27.450 

66,400 

-20,700 

01,900 

-17,500 

90,100 

+  1H,800 

0a,150 

+13,150 

65.600 

-26,400 

74.150 

-18.400 

65,750 

-  2,450 

57.400 

-  7,950 

56.450 

-  8.800 

60,100 

-23,100 

84,600 

79,700 

-20.800 

158,450 

-10.600 

Bemarkt. 


In  pocket  below  old  Beei. 


FBOM  BOLIVA&  TO  CYPRESS  CREEK. 


Tit 


So.  58. 


ILack 


62,500 
12.160 
82,650 
75^850 
99^150 
79.800 
74»250 
70,100 
58,200 
57,950 
4.100 
85.850 
58,550 
87,650 
66,700 
75.950 
81.850 
62.560 
68.450 
72,500 


46.800 
11.000 
48,000 
51.850 
6:j.000 
70.150 
68.100 
50.750 
62.100 
45.650 
2.700 
82,900 
45.  050 
00.400 
f)C.  000 
73,600 
87.100 
08,  500 
64,250 
53,900 


-  1,150 


-23, 
-20, 

-  0, 
-6, 
-10, 
+  8, 
-12, 

-  1. 

-  2, 

-  7, 
-27, 
-10, 

-  2. 
+  5, 
-H  5. 

-  4. 
-18, 


500 
150 
050 
150 
350 
900 
300 
400 
350 

oou 

250 
700 
350 
250 
950 
200 
000 


Below  old  sect 
300™  below. 


Midstream. 

Old  River,  Catflah  T.  H. 


FBOM  MOUIO)  PLACE  TO  ARKANSAS  CITY. 


lfiMl«.«. 


60,600 
91.500 
100.700 
106,700 
79,600 
102,000 
122,850 
108,660 


71,200 
66,150 
67,150 
56,550 
64,550 
88,800 
90,000 
83,600 


+  10,600 
-28,350 
-33,550 
-50, 150 


-13.200 
-32,350 
-19,960 


200">  above  old  sect. 


DP  THB  CHI8F   OF  EVOWRBRS,  V.  B.  ,\R\TT. 


APPE2/DIX   F. 


s  tiit:  lOBLD-n'OnK  axd  bu 


Sir:  I  have  th< 
leveling. 

Jbe  Bcbeme  for 
named  placiw,  ii"  ' 

1.  From  tUo  & 

2.  From  Ibc  I 

3.  From  Miuui'iud  -fesc  to  iij 
phis  Hnil  Little  Ror>i  Ruilroail. 

4.  FroiQ  Heteni 


Saint  Louis,  Mo.,  June  21,  1B83. 
;ri  gnlimit  the  followiug  report  on  tho  work  of  IraDB-allttvl 


<s  work  oont«mplBted  uine  sections,  locittml  at  the  followfa_. 
iliicli  Lave  l>een  mn,  except  No.  !i:  ' 

ippi  River,  nt  Island  No.  13,  east  anil  west  to  land  abot'u  overflow, 
tiickaaaw  Bluff  west  to  laud  above  overflow. 

nplands  beyond  the  Saint  Francis  Bivor,  on  line  of  Uetot 


to  land  above  overflow. 
7.  From  Lake  Providen'"' 
».  From  Grand  Gnlf  we 
0.  From  Fort  Adams  wi 

Bityou  Boeiif,  and  one  acm  . 
I'bo  location  of  No.  a  wai 
Tbe^  line  contrmplatcd  fn.. 

poctatiuu  of  ruDuinj[  it  after  v" 

tbe  presence  of  water  in  tb<t  n 

beeu  submerged  wbm  work  » 

to  be  done, 
Tbe  work  has  occupied  t 

done  pacb  seaaon ;  also  tbe  d. 

■on  iuclndea  tbe  time  ft'om  le_ 


tsjrou  Macon  Hills  across  the  cat-off 


;  tbonc«  two  branches,  on«  aon 

Inlf  to  Saint  Joseph, 
season  breu  omitted,  vilh  the  a 
la  hud  been  made  impractjcnble 
ijieucd,  however,  that,  this  line  I    , 
con  nbandflned,  and  it  yet  rom»ln^ 


following  table  gives  the   . . 
rogTBBs.    Tbe  time  giTen  CMch  m»- 
date  of  disbanding  the  party 


SauoD. 

..^„ 

Time. 

d^^^ 

Jfibf. 

"is 

UOm. 

1  the  field  baa  been  occupied  in  tiAvellog 
IVom  Saint  Loiiia  and  between  linea. 

Over  ench  hue  levels  in  dniilicato  »ml  t.  trnvorse  have  been  nin.  All  streama 
croesitd  have  been  gnuged  rongtily  1  i^luvationH  of  high-water  marks  have  been  Taken 
nhere  they  could  be  fonnd.  An  nzinintb  baa  been  obHerved  nt  tbe  inland  end  of  each 
line  exceji't  No.  5. 

DiiriD}!  ihu  fimt  m-asdu  (]SS0-''41),  Mr.  Hunter  Stewart  asHiat^d  me,  he  mniiing  the 
traverae  and  I  tlie  levels.  A  trnuait  and  stadia  were  used  in  running  tbe  travHim, 
the  stadia  being  imad  tii  meautiro  all  diataucea.  An  ordinary  level  and  target-rod 
were  used  in  rnilniiig  the  levels. 

During  tbe  fimt  part  of  this  euanon  the  levels  were  cliecked  by  running  between 
henubns  a  second  time.  During  tbo  tatter  part  of  tbe  apason  the  levi'ls  and  che<i 
levela  wens  run  at  tlie  same  time,  the  following  tiietliod  being  emplo;rc<l :  After  tho 
rod  \\ati  \teea  read  in  the  tiaiial  position,  it  was  inverted  and  held  ou  the  name  point  a» 
bcforf.  and  imotbcr  not  of  rowlioKS  taken.  This  method  of  ehecking  leveln  will  be 
iiiMi:niuii'<l  l.'it^r.     During  the  Bt'coiid  and   third  n-aAons  »  coiiibiuvd  level  and  transit 

udo  by  fastening  tbe  esseulial  parts  of  a  Stackpole  level  to 
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The  derice  for  lanking  the  combination  is  very  simple  aud  iiicxi>eu8ive,  as  shown  by 
the  follow  iDi;;  Mkctch  : 


-#j^^. 


L_^     J 


F^S. 


Tl|(.  1  it  ft  vertical  projection  of  a  part  of  the  inHtniment. 
L  la  the  bar  of  tbe  level. 
T  is  the  bar  of  the  transit. 
A 19  the  transit  axis. 

C  and  C  are  the  collars  nsod  to  hold  the  two  instruments  togetjier. 
Tig.  2  is  a  horizontal  projection  of  the  same  parts. 

Fig.  3  is  a  right  section  through  the  collars  aud  shows  how  tho  ])iirts  aro  fastonod 
together.  When  a  transit  was  ncedcMl  for  azimuth  obHorvations,  tlie  screws  shown  in 
Fig.3  were  taken  out.  tlie  collars  and  level  bar  removed,  and  tli«*  truusit  wyes  fuHtencd 
on  the  transit  bar  by  the  same  screws.  It  took  oiil^-  a  few  minutes  to  make  Ibis 
change. 

By  the  nseof  the  combined  instrument  one  observer  wo-m  enabled  to  run  tb(>  levels, 
check  levels,  and  traverse  at  the  same  time. 

Asa  level  the  combination  worked  a<lmirably,  and  tln^  results  of  azimuth  observa- 
tions indicate  that  it  worked  well  as  a  transit, al thou }]:b  the  vernier  plate  was  a  little 
bck>w  the  plane  of  the  limb,  caused  by  the  weight  of  tbe  level  attachment. 

When  the  vernier  plate  was  brought  up  to  the  plane  of  tbe  limb  tbe  spindb^  bad  a 
little  play  in  its  socket,  which  was  not  desirable  in  the  level ;  therefore  tbe  spindle 
vas  allowed  to  sink  far  enough  into  its  socket  to  {irevent  tb(^  play. 

There  was  no  means  of  causing  the  telescope  to  revolve  in  a  vertical  ]>lane,  at  tbe 
lUK  time  keepini;  the  plane  of  the  limb  horizontal.  However,  the  necessity  for  read- 
iaganglea  with  the  telescope  inclined  did  not  occur  very  often  ;  when  it  wan  net.-es- 
^^^^  it  was  aceomplisheil  by  setting  the  instrument  up  h<i  that  one  of  tbe  loot  or  sup- 
porting screws  would  be  in  the  plane  in  which  it  was  d<'Hirabb^  to  revolve  tbe  tele- 
scope, then  the  fof»t  screw  was  used  for  inclining  tbe  teleseope.  By  exercJHing  duo 
can  only  a  small  error  is  intrcnluced  in  thin  way. 

The  telescope  u.sed  contained  thrwj  horizontal  croHrt-wires,  all  of  wbieb  were  read 
vhen  practicable.  It  fnqnently  happened,  however,  that  one  or  tbe  other  of  the 
Wtcido  wires  could  not  be  read.  Tbe  middle  wire  and  one  of  the  outside  wires  were 
•Iwaysread.  Distance  tables  were  computwl  for  all  of  tbe  intrrvals,  so  that  di.stanre 
from  the  instniment  to  the  rod  could  always  be  determined.  Self-readinp:  nielrie 
wd*  were  used. 

Aogle  or  transit  statiouH  were  taken  as  far  apart  as  tbe  rods  eoiild  be  seen.  The 
"wliasHd  on  these  stations  were  straight  poles  covered  with  strips  of  blaek  and  while 
cMh. 

The  distance  lietwcen  transit  stations  was  obtained  by  taking;  tbe  sum  of  tbe  dis- 
tances measured  bet  ween  them. 

The  taming  points  and  level  stations  between  transit  stations  were  as  nearly  on 
line  as  practicable. 


V  - 


Tte  fignm  hi  rvlonas  I.  3,  X  t.  T.  10.  11.  13»hI  13  a 
the  interrala  vritMn  mder  vacli  wt  of  ivailin^  ia  rulai 
kre  redactions. 

An  inspection  of  the  notes  nill  ebow  ibp  luanufr  of  keeping  the  field  records. 
OdIjt  the  miil-nirc  rrailitigs  urv  us«l  id  mluciu);  the  faetgbta  of  iDstniment  mnd 
elevationi,  th«  niliiction*  for  nnl  invrrteil  being  marked  (t). 
Rod  iu  lint  |ioaitii)ii,  back  sichlH  .ire  |>1ua. 
KimI  in  firsf  po-itiDii,  fnre  BigUts  are  niinoe. 
.KihI  inverted,  back  niifhts  arc  luinus. 
Rod  inverted,  fore  nighlH  are  pliia, 
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e  readings  of  the  oatside  wires  are  used  for  determining  distances. 
p  intervals  are  taken  oot  and  placed  beneath  the  sets  of  readings  to  which  they 
i;;.    In  the  eighth  colamn  the  mean  intervals  are  placed  oppoaite  roiulingsfor  in- 
fl  rod,  the  back-sight  interval  being  placed  first.     In  the  ninth  column  the  dis- 
»t  are  placed  opposite  the  proper  interval. 

coane  objections  may  be  raised  to  this  method  of  checking  levels. 
night  be  said  that  any  lack  of  adjustment  of  the  instrument  and  local  disturb- 
I  would  affect  both  lines  alike,  or  in  the  same  direction,  and  it  is  panted  that 
iB  the  case.  However,  errors  arising  from  these  sources  would  not  be  likely  to 
nwe  the  results  beyond  the  errors  of  discrepancy  allowable  in  ibis  class  of  work, 
islly  when  care  is  taken  to  keep  the  instrument  iu  good  adjust uieut,  and  to  keep 
and  fore  sights  equal.  I  feel  perfectly  confident  iu  saying  that  this  mode  of 
king  levels  would  detect  any  error  caused  by  a  blunder  in  reading  the  rod.  Again, 
{;ht  bo  said  th«&t  the  observer,  knowing  the  length  of  the  rod,  would  know  what 
ccood  set  of  readinga  should  bo,  the  sum  of  the  readings  of  nny  wire  in  the  two 
:ioiu  of  the  rod  being  equal  to  the  length  of  the  rod,  and  that  the  second  set  of 
in^  might  be  vitiated  by  any  error  that  might  have  been  made  in  the  first  set. 
[hink,  however,  that  an  error  from  this  source  would  hardly  occur,  uule^s  the 
rrer  intentionally  computed  what  the  second  set  of  readings  should  be,  and  re- 
ed them  as  observed  readings. 

^11  of  conrse  be  admitte<l  that  this  method  saves  a  great  deal  of  time,  the  only 
tional  time  required  for  checking  a  line  of  levels  beiug  that  necessary  to  take  a 
Dd  »t  of  readinKs  at  each  instrument  station. 

lere  is  still  another  advantage  of  the  system,  to  Avhich  I  desire  to  call  attention. 
%  is  aofficient  data  given  when  all  the  wires  are  read,  to  enable  one  to  correct  any 
r  that  might  have  been  made  in  any  reading. 

MAPS. 

icTTsverie  of  line  No.  1  was  plotted  on  Manilla  paper,  scale  1:10000 ;  the  profile 
plotted  on  cross-section  paper,  scale  1:(X),  and  the  whole  transferred  to  tracing 
li:  the  traverse  and  profile  of  lines  2  and  4  were  plotted  on  protractor  sheets,  hori- 
al  scale  1:10000,  vertical  scale  1:60,  and  the  whole  transferred  to  tracing  cloth, 
tnrerse  of  lines  5,  6,  7,  8,  and  9  was  plotted  on  protractor  sheets,  scale  1:10000, 
thfir  proHles  plotted  on  tracing  cloth,  scale  1:60.  The  profiles  of  surface  of  high 
rr4}f  1)582  have  been  plotted  on  lines  2, 5, 6,7, 8,  and  9 ;  the  profile  of  high  water  of 
'\m  been  plotted  on  lino  No.  4.  All  the  Hues,  traverse  and  profile,  have  been 
Mod  paper;  horizontal  scale,  1:100000;  vertical  scale,  1:1*20. 
Ii  ilie  nrduced  maps,  except  that  of  line  No.  1,  show  the  profile  of  surface  of  hij;h 
orof  H-r2.  The  map  of  line  1  shows  the  surface  of  high  water  of  1882  at  wevorsil 
'*^.  obtained  from  the  answers  to  a  set  of  questions  sent  to  perHons  residing  along 
*-tTion. 

li'»  bigb- water  profile  for  1882,  plotted  on  lino  No.  4,  was  reduced  from  the  liigh- 
^T  profile  of  1867,  plotted  on  the  large-scale  map  by  taking  the  difTerenee  of  the 
li  Waters  of  1867  and  1882  at  Helena,  and  making  the  profiles  parallel.  The  high- 
•T profiles  for  the  other  lines  were  plotted  from  higli-watcr  marks  taken  while  run- 
'H\iv  actions. 

b' above-named  maps  and  profiles  are  herewith  respectfully  siibuiitted  as  a  part 
bU  n-jiort. 

ii'*  time  oceupied  in  completing  this  work  has  been  mncb  greater  than  was  at  first 
icipated.    However,  the  nature  of  the  country  through  which  the  sections  were 
.  Taki*n  in  connection  with  the  fact  that  the  first  two  seasons  were  very  unfavora- 
'•viil  account,  in  some  measure,  for  the  slow  rate  of  progress. 

b^  rouutry  through  which  the  sections  were  run  is  mainly  uninhabited,  and  is 
vily  timbered.  This  made  a  great  deal  of  clearing  of  lines  necessary,  which  greatly 
jnl»-d  the  progn.'ss  of  the  work. 

he  almost  entire  absence  of  roads  made  the  transportation  of  camp  equipage  a 
ioto  diflSculty  even  when  the  swamps  were  dry ;  when  the  swamps  were  wot  the 
icaliy  was  very  much  increased;  several  bridges  and  rafts  have  been  built  in  order 
cnMs  streams.  It  has  been  necessary  on  several  occasions  to  abandon  all  camp 
lipage  except  what  could  be  carried  by  my  men,  on  account  of  the  impossibility 
i|<^iDg  pack  animals  through  the  swamps 

'•^ry  little  time  has  been  lost  on  account  of  sickness;  in   fact,  the  health  of  my 
'ty  hail  been  better  than  could  reasonably  have  been  expected. 
Very  respectfully,  your  obedient  servant, 

E.  S.  Davis, 
United  States  Assist^mt  Engineer, 
^'Jwt  Lieut.  Smith  8.  Leach, 

ikertttwy  MU9i$9ippi  Eiver  Cgmmisaion. 
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APPENDIX  F. 


BXPORTS    DPOK,  AND    BX 

I,— At  CiATTOif,  Iowa, 


3  Pabccah,  Ky.— W.  G.  Price,  A£aiBTANT  m  Ckj 


Cahrollton,  La.,  J/oy  10,  U 
LiBUTENANT:  In  accordance  witli  your  order  of  April  26,  166;),  I  bsve  tbe  b 
submit  the  folloniDg  T«port  ou  the  Tvork  of  observing  discbarge  at  Clayton,  Iaw%d 
Fadacab,  Ky.,  and  on  nietliods  of  meaaoriDg  the  diacbargo  ot  rivers. 

OBfiEBVATIOKS    AT  CI^TTON,  IOWA. 

In  accordance  nitb  ordore  received  froni  yon,  I  arrived  at  Clayton,  Iowa,  o: 
12,  1H80,  and  proceeded  to  make  a  reconuHissance  of  Ibe  Mississippi  Hiver  ii 
Tioinit;  of  the  uiontb  of  the  WisooDsin,  for  the  purpose  of  flnding  tbe  most  favi 
loestioQ  for  a  diBcharge  uectiou.    There  was  sooie  delny  in  innkiug  tbc  scIim^oc 
tbe  party  got  well  started  by  tbeSSthof  Ootobpr,  and  tbe  work  was  carried  on 
outserioas  interruption  till  October  'ib,  1»S1.    Until  tbo  breaking  up  of  tbott 
March  39,  l«81,  all  tbe  velocity  observiitioiia  were  mpiuinrod  with  the  meter.    j_ 
tbe  ice  Btopped  running,  April  12, 1680,  obaervittions  were  taken  witb  rod-floata,  n 
ID  connection  witb  tbe  plant. 

During  tbe  entire  season  332  velocity  observations  wore  made,  of  which  6G  w. 
with  the  meter  and  137  with  rod-floata.  Btmidea  tbe  rcgnlur  velocity  observBti( 
for  discbarge,  tbtVe  were  taken  36  sets  of  vertical  observations. 

llie  balance  of  tbo  work  comprised: 

53  sets  slope  observatiouB. 

SB  sets  loo^itadinal  soundings. 

40  sets  sediment  obsei-vations. 

10  sets  dredginga.  , 

The  reentts  of  this  work  were  published  in  tbo  Beport  of  tbo  Commiaeion  for  1868, 
page  lUJ. 


OBSBRVATIONS  * 


PADttCAH,  KT. 


Arrived  at  Pudncah  November  39,  16^1,  and  luude  observations  ofdiachargfl  from 
tbia  time  till  Kovember  3G,  1W2.  Dnring  this  lime  315  discbareoa  were  measurod,  ol 
which  a?  were  witb  rod-Uoats  and  18S  with  tbo  meter  and  plant.  In  addition  to 
these  velocity  obaervalionH  (here  were  3L)H  verticals  taken.  A  few  of  tbe  obaervationi 
were  taken  partly  with  rods  and  partly  witb  the  meter,  but  this  was  only  an  occa- 

The  reaolta  of  tbia  work,  as  computed  in  tbe  office  of  tbe  commisaion,  are  appended 
to  this  report. 


Mtthod  tcilh  double  JtoaU. 

I  think  these  floats  do  not  give  tbe  mid-depth  velocity,  owing  to  tbe  effbot  tbs 
current  has  on  the  upper  float  and  connecting  wire.  The  upper  float  is  also  affeot«d 
by  tbe  wind.  Observers  are  suppoaed  to  use  a  very  fine  wire  to  connect  tbe  fl(wt& 
but  aa  thia  cnuaea  much  trouble  by  breakiug,  a  strotig  string  ia  usually  pat  in,  «aa 
this  catches  too  much  water.  For  this  reasou  the  uicusurement  would  be  too  frrewt 
except  where  there  is  a  strong  up*stream  wind,  when  it  might  be  too  small.  Ueaa- 
nrements  of  vertical  curves  of  velocity  with  double  floats  iu  an  up-stream  wind 
show  a  mucli  greater  decrease  of  velocity  near  the  surface  than  the  same  meaanie- 
menta  with  the  current  meter. 

The  mid-depth  velocity  is  not  always  a  mean  velocity.  I  think  it  varies  with  dif- 
ferent sections  and  with  diSerent  stages  of  water,  being  from  1  to  4  per  cent,  greater 
than  the  mean.  At  Pnduc.th,  Ky.,  during  the  yi>ar  I6@2,  it  was  about  4  per  cent  moat 
of  the  time,  being  a  little  less  at  low  water.     At  Carroiltou  during  this  year's  obser- 


vations it  has  hi 


far  timing  floats  a  stop-watch  is  used,  and  I  think  the^  cannot  bo  depended  npoa 
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uleu  in  the  hands  of  m  caieftil  eDgineer  who  has  the  mechanical  skill  to  keep  them 
IB  order. 

There  is  no  check  on  any  of  the  ohserveis,  one  of  whom  bcin^  »  cureless  iiiuu  will 
ipoil  the  accuracy  of  the  work.  The  shore  observers  may  work  with  their  iiiHtru- 
■entb  unt  of  adjustment ;  they  may  miss  the  float  bat,  give  tlie  sicDal  as  thoagh  all  was 
ncht :  or  the  floatai,  to  save  labor,  may  not  be  a^josted  to  mid-depth,  and  the  chief 
m  the  party  may  not  know  it. 

Method  with  rod-floaU, 

When  these  floats  are  observed  from  the  shore,  as  with  double  floats,  there  is  no 
Atck  on  any  one  of  the  observers.  Careless  observers  will  let  the  float  pngect  too  much 
sst  of  water  so  that  it  is  afiected  by  the  wind.  It  is  iiniMissiblu  to  nin  floats  uoarer 
than  one  or  two  feet  of  the  bottomland  where  the  sand  waves  nro  three  feet  hi|rh 
they  are  liable  t«i  be  over  three  feet  from  the  bottom  most  of  the  time.  Id  deep  places 
tbryoftrn  do  not  reach  to  mid-depth. 

As  the  vertical  curve  of  velocity  varies  very  much  with  diflerciit  scctioiiH,  and  also 
It  diflerent  points  on  the  same  section,  it  is  impossible  to  make  a  formula  which  will 
Rdace  the  observed  velocity,  to  a  true  mean.  For  this  reason  when  the  floats  do  not 
mch  nearly  to  the  bottom  they  may  not  be  as  accurute  us  the  double  floatH.  At 
CanoUton,  La.,  where  the  water  is  over  100  feet  deep,  it  would  not  be  eaH.v  to  run 
ioats  reaching  to  mid-depth,  and  as  the  velocity  at  throo-fiinrths  of  the  depth  is 
faqnently  fonnd  to  be  as  creat  as  it  is  at  mid-depth  or  the  surface,  the  observed 
velocity  of  a  float  reduced  by  Frauds'  formula  would  be  fur  from  comnrt. 

At  l^ncah,  Ky.,  the  discharge  was  measured  once  a  week  during  a  part  of  the 
jtar  by  both  rod-floats  and  the  meter.  The  floats  were  run  at  the  same  KtutiouH  and 
si  the  same  time  that  the  meter  was  running.  The  apparatus  for  running  the  floats 
vas  attached  to  the  stem  of  Uie  catamaran,  which  was  anchored.  The  flouts  were 
tined  by  a  good  stop-watch,  which  was  kept  in  good  onler,  and  it  was  8top]>ed  and 
Malted  aatomatically  by  electricity.  During  the  time  these  measurements  were  taken 
fte  river  fell  from  about  a  medium  stage  to  low  water.  At  first  the  rod-float  dis- 
charges were  the  greatest,  but  when  the  river  had  fallen  much  lower  they  were  less 
than  those  taken  with  the  meter.  When  the  rod-float  discharges  were  the  greatest 
'  the  reitical  curves  of  velocity  taken  with  the  met«T  were  like  Fig.  1,  and  when  they 
vcre  less  they  were  like  Fig.  2. 


Fig.  1.        Surface. 


Fig.  2. 


Bottom. 

This  showed  that  the  ol)served  velocity  of  the  floats  hud  not  l)eeu  reduced  enough 
u  first,  and  afterwards  too  much,  though  the  same  fonuula  (FranciH^)  was  used  all  the 
tine. 

The  method  of  running  rod-floats  from  an  anchorage  with  an  automatic  electrical 
ippantas  for  timing  them  is  far  more  accurate  than  that  with  obser\'er8  on  shore, 
■ad  the  only  part  not  checked  is  the  reading  of  the  st<»n- watch,  and  this  should  be 
^■■tcd  at  Inst  twice  a  day  by  comparison  with  an  orainary  watch. 

Method  with  current  meter. 

Fa  this  method  the  man  who  has  charge  of  the  field-work  can  hco  that  every  part 
J4  done  correctly.  An  ordinary  watch  can  bo  used  for  timing  the  meter,  so  there 
is  DO  error  from*  this  source. 

It  han  been  supposed  that  the  meter  measurements  un«  too  grout,  as  it  taken  in 
>n  the  oscillations  of  the  current.  Observations  at  Paducah,  Ky.,  u  report  of  which 
vaifonrardcd  on  October  10, 1862,  show  that  the  horizontal  oseillutions  of  tht*  cur* 
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rout  are  »o  small  tljey  Iiardly  innreaao  tbi 

valiou  at  CarrollLiiD,  La.,  the  ruaull  of  whiili  wae  given  in  i 

IStS,  elions  tbat  iLu  vertical  osvillatiuQs  do  Dot  increaau  tbe 

If  tbu  metor  la  a  naud  iniicUiiie  and  fu  tlie  baiiila  of  s  csrvfiil  observcir,  I  tl 
cannot  foil  10  give  correct  r«mll«,  wbilu  tbu  uietbods  wilb  floats  buve  been  in 
a  Jong  lime,  sud  bavo  beeu  corriert  to  uk  great  perfection  as  possible,  and  yet 
give  perfect  results.  , 

The  luetbod  wilb  tbe  meter  has  been  flatly  improved  diiriug  the  last  tbi« 
and  it  was  not  till  this  year,  sjti  r  I  bad  tnAdi)  a  good  niauj  chaiiges,  that  I  b 
aatifified  with  tbe  apparatus  in  use. 

Experieuco  abons  that  tbe  only  meter  which  will  work  in  water  wbicb  cs 
leaves  and  grass,  is  od»  with  a  wheel  whleb  tarns  like  the  EUia.     Bat.  tlic  Ellis  ni 
was  not  coDBtrucI^  with  a  knowledge  of  tbe  difljcultie^  it  wonid  have 
wilb  in  the  Mississippi.     Owing  to  the  particles  of  sand  in   the  waf«r  The  c( 
would  not  always  work,  and  the  bearings  of  the  wheel  were  ruined  iu  a  sbort  Ij 
Small  pieces  of  drift  striking  the  light  wheel  bent  or  broke  it.  and  samel 
ried  it  away.    Kepaira  and  new  ratings  wn«  required  very  often.     The   ■_, 
for  using  it  waa  not  perfect.    The  Insnlatcd  wire  woald  break ;  tbe  electric  m 
tioti  would  fail,  and  it  woald  bo  almost  impossible  to  find  whcm  tlic  t 
Btit  tbo  apparatus  has  been  pvatly  improyed,  bo  that  it  ia  now  no  trouble  for  a 
dinary  boatiouD  to  manage  it.    A  mnlor  has  been  constniDtcd  wbich  o 
old  dlditnlties,  and  which  reiialrrs  no  more  attention  than  eimply  to  be  oilod  m 
slaually. 

Tbo  meter  at  Carmlltou,  La.,  bus  uot  be«n  takm  apart,  or  rt 

nxccpt  to  oil  it,  ii)  nearly  tbri'e  months,  and  it  cannot  bo  seen  t 

Irnst,  or  is  not  Jiut  as  perfect  a  luacbiuo  ns  when  it  was  constmctcil.    Tbu  n.  .  _ 
bos  iirTor  failed,  and  tbo  rogiatcr  has  never  atoppnd  except  wbtu  the  iuaulatird  « 

The  mlinga  of  this  meter  do  not  \Ttry  more  than  oae-toulh  of  I  ^er  cent.,  and] 
think  thai  tbis  vatialiou  ia  the  Hialt  of  tbi)  obanrvora.  It  isiuy  experience  that  itHJ 
qutrcH  a  great  cliBiigo  in  t^e  amoiiut  of  friction  with  wbich  tJie  wbeel  turtia,  to  mB 
I  per  cent,  variation  in  ibu  rating. 

CompariMn  of  mcfAotft.  i 

On  tbe  Lower  HiatiiMippi,  at  bigb  water,  n  flout  will  pass  over  the  SW-foot  aMtfan 
inles8tbHD30secoud8.  If  2I>  Itoateare  run  (and  I  b(-li(ive  that  isabont  tliensn^itHl 
ber),  the  velocity  will  be  measured  Jnst  13  minut«a  during  aacb  survey,  whioh  waiiJI 
require  nliuut  four  bnurK.  Now,  if  tlui  nit^li-r  was  uwd  to  take  a  discharge,  in  IM 
hours  it  would  have  btiou  measuring  all  tbe  pulsations  of  the  current  during  abool 
iiOOminnteB. 

A  float  pasaing  over  the  SOO-foot  section  in  30  soroods  measures  Ibp  v«locily  of  tbi 
water  only  in  its  immediate  vicinity,  while  the  meter  running  only  30  seconds  nooM 
measure  tbe  velocity  of  a  line  ruuniug  Ihrougb  a  SOO-foot  block  of  water. 

Suppose  that  the  observed  velocity  of  a  float  eoiitd  always  bo  reduced  to  a  tnli 
lueun,  and  tbnt  the  meter  always  measureit  the  velocity  correctly,  it  would  raqnlii 
more  tbnn  ^  fli'atfl  to  equal  tbe  accuracy  of  a  10-minute  ran  of  the  meter;  and  * 
two  sl-atioitK  at  Csrrollton  it  is  neccBsary  to  run  the  mel«r  20  ininntca  iu  order  to  ga 
\u\  uvi'rngo  viiloclty. 

Coxt  of  different  methods  per  month  for  large  rivers: 
Method  with  double-flouts  nr  rod-flouts: 

Ouo  assist  ant  engineer |I3 

One  recorder 9 

Two  leadsmen,  at  t^ lli 

Four  Itoutmen,  at  845 IS 

Total 511 

Method  with  current  meter  : 

One  assistant  enuineer ^3 

Olio  engineer  of  launcb If 

One  steersman 9 

Two  boalmcu,  at  $45 9 

One  steam  launcb lO 

Total « 
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For  Hnall  rireni  where  a  wire  auuhorage  can  be  need : 

Method  with  doable-floats: 

afaiftaiit  engineer $130 

Otat  reorder '.-■ 00 

llBBleadaman fiTi 

at  $45 90 


Total 305 

Method  with  rod-floats  or  the  meter : 

Ota  Msistant  engineer $  1:K) 

TVS  boateen,  at  $45 IK) 

Tstal '2-20 

The  above  is  the  force  required  to  measarr  the  discharge.    If  tbo  work  is  to  1k^  coiti- 
in  the  field,  one  recorder  will  be  rcqnin>fl  iu  addition  to  the  forct^  ^iveu  for  each 
\  thoagh  the  work  conld  be  partly  computed  without  bim.     Dat:i  taken  witli 
er  are  mnch  the  easiest  to  compute. 

CONCLUSION. 

I  tUnk  the  method  with  the  curreot  meter  is  the  mo»t  uccnratu  and  niliublo,  nnd 
r  large  rivers  it  is  the  cheapest.  For  small  rivers  tlio  method  with  i-o<l-tloats  is 
■riy  as  cheap  as  the  metho«l  with  the  meter. 

fbr  fnall  rivers  where  a  wire  ancboru^e  can  be  used,  tbo  metliotl  with  rod-floats  is 
■di  more  aocnrate  than  the  mctbo«l  with  double-floats olMerved  from  the  sborc;  but 
ii  a  laige,  deep  river  I  doubt  if  the  rod-floats  arc  as  accurate  as  tbo  double-floats. 
I  leeommencl  the  following  method  for  measuring  the  discbargo  of  rivers: 

Loeatiom  of  section. 

The  section  should  bo  located  in  a  straight  reach  if  possible  and  not  very  near  a 
tnlMitary. 

The  wction  at  Padncab^Ky.,  was  located  Just  below  tbo  mouth  of  tbo  TennesHcc, 
i»l  the  TenneMce  water  being  warmest,  and  therefore  ligbteHt,  sitreud  over  tbe  Ohio 
viter;  ami  as  tbe  Tenucssee  curn*nt  was  nmcli  the  slowest,  there  waH  a  kIow  surfaee 
crrrrnr  nnd  a  swifr  nndorcnrrent ;  and  these  currents  wer(^  not  paraHe.I,  but  ran  at 
iMin^U-  of  alMiut  20^;  tbis  caused  a  great  deal  of  trouble.  Wben  tbe  Hection  was 
hiiltnit  iQ  November  the  currents  were  all  right;  the  trouble  did  not  begin  till  Ibu 
mtxt  June. 

Method  of  locating  section, 

Tlir  -Of  tii>n  lino  sbonld  be  made  at  right  angles  to  tbo  avera^^e  direetion  taken  by 
St  la»\  t\rt'uty  nnl-floats.  Tbe  floats  Rbould  bo  starte<l  from  points  not  over  l.'iO  A'<*t 
>Tcrt.itii'  alNHit  It'O  feet  alKivcn  ])reliminary  section  line  taken  at  ri;<;bt  an«^U>s  lo  tb(^ 
•h  It  bne.  Till'  floats  must  be  started  fnun  an  anrbond  skifV;  an<l  wifb  a  sextant 
in  It '.(»•,  a  line  at  right  angles  to  tbe  direction  taken  by  the  ijoat  sbonld  1>e  Htaked 
4'iii  ^hnr*.    A  mean  of  all  these  right-angle  lines  will  bt^  tbe  best  section  line. 

ir  iLc  .scrtioii  is  not  a  very  good  one  the  current  on  one  side  of  tbe  river  may  not 
niQ  paraSb-l  wiib  the  curreut  on  the  otberside;  in  tbis  ease  it  niigbt  be  best  to  niake 
ab  aii;:b-  in  the  section  Hue. 

Mtihod  of  locating  soundings  and  meter  stations  on  section  line. 

Errrt  a  line  of  signals  on  shore  at  right  angb's  to  tbe  section  line  and  np  tbe  river 
fnin  if ;  niakf  tbt  length  of  the  Kijjnal  line  one-fourtb  tlie  width  of  tbe  river.  Tb<^ 
Mi£n:«]!i  nin*it  ali  be  25  feet  apart,  exee|it  tbe  flrst  six,  wbiub  must  be  only  ;'>  feet  apart ; 
Kckr  tbe  widtli  of  the  signal  cloth  i  fom,  and  tbe  height  about  3  feet.  Kvery  tifth 
lisiul  r»f  ih«hM*  ^^  fe<^t  apart  should  be  dimble  in  height,  so  as  to  distinguish  it  from 
thi-  iti  hers. 

A-<  firihnary  sextant,  or  a  cheap  one  made  after  the  ])lan  accoTn]>anying  this  report, 
Dinir  thi'Ti  !.«'  set  at  an  angle  of  14^  02^.  This  is  an  angle  in  a  ri<;bt-an<;led  triangle, 
■H-li  »li;it  the  base  is  four  times  tbe  perpeuilicular ;  th<Mj  every  2r»  f(n»t  space  covered 
kjilie -r-xtant  will  equal  100  fc4't  out  ou  the  section  line,  and  every  fraction  of  2^) 
MM  will  eoual  such  a  fraction  of  100  feet  (»nt.  It  is  easy  to  read  the  distance  in  tbis 
viy  towitnin  1  or  2  feet.  The  sextant  should  be  tcs'ed  every  morning  by  nieabur- 
i&C  with  it  the  known  distance  across  the  river. 
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Loealinit  of  T^toeitg  tlatiuna. 

lilil  Iw  mcumred  at  at  kut  13  atstimm;  lbal>  in  ilio  DOmberi 
X  Lu.    I'he  vclocitf  stAtionaahoalil  beiieai-logelfaern'bFra  theei 

(>i  I,  mid  rartlivT  apnl'l  at  oTh«rp1aiCrH.     In  iiKler  to  Mtve  labor  in  c 

pu_.  ii-liniild  bo  IccMcil  at  llie  Have  ilimaiice  from  Ibe  liase  Ime^ 

amj ;  ...  two  D^iin-a  of  ibe  distance  ELould  lie  00,  30,  40  60,  ur  60. 

In  a  -—p-  tvlirio  llie  nirc  tincborage  CBHiiot  bu  useC,  Vio  velocity  atat 

shoalil  bo  nxi  iliuginml  range  tines  on  suure  aud  above  tbe  aecticiu.    Tb«M  nq 

liDcfl  should  I...       Ota  Uie  acotiou  line  at  a  abaqier  augle  tbau  GIF,  &ad  the  nearOTi 
it  is  tlio  bettor. 

Method  of  AoUinir  uafaNwraii  al  the  ftaliim. 

Where  the  win:  anchorage  cannot  Iw  nacMl,  the  catamaran  shnttlil  be  laahoil  l*i 
Bidi!  of  a  lunni'b  ill  koi't  rteady  at  tiiu  station  by  Ibfi  pilot  and  cugioeor;  i>rvata 
bring  token  that    \in  run  of  the  fuoter  begins  anil  euda  Just  on  the  section  line. 

The  tuire  ancfcoToffe. 

In  a  tItki  which  dO"'  tbo  i-utamaruu  sliaiilil  ho  held  in  pi 

tion  by  a  wire  aiii'bur  ve  tlio  sortiuu  liuf. 

The  crosa-wire  bIioii  ,  wire,  nud  Hhniild  In  made  in  linla 

feet  2  iiicliea  lonx  i  th.  t  «Frougbt'iniD  rings  2  iiwliea  in  dU 

tur;  Uiiruiakeii  the  i  «Uou  «0  foet,  ami  allowal  inchM 

llie  sag  of  Ibu  niro ;  Ais  is  about  the  right  bmoant. 

Tlio  eross-niro  mm..  .  Mlon  liy  an  anchor  wlro  rnnnJW 

Mreatn  tija  rock  weigh  lUiuluugtbof  tbeniiohorwirehi  — 
livo  tijuea  the  diii 

A  mncbino  forji  ^ 

placed,  on  a  pUtfo.  ui  u^  fi 
•biSb;  this  iilatfonn  mn&i 

The  direction  in  which  ken  aeroait  the  nnoboTago  niitat  ba 

TenKd  every  liiOB.    If  ll  I  the  wire  cnunot  bo  luu  twioo  fa 

MUUB  direction  withont  I  «  dtreoliuu  is  alwayii  nvvorMd,  it  i 

laet  a  long  time.    When  so  used  Mime  tinlt^,  it  is  beet  t*-  ■*■    '™ 

tbe  croas-wiio;  dnrinj;  lablybe  necetsary  to  rnise  ili     _._ 

wire  every  day  to  prevei..  .  under  Iho  sand  wavwi. 

Method  of  vsing  the  meter. 

The  meter  shoiitil  bo  lowered  fronk  tbe  slem  of  the  calaaiaran  by  two  No.  10  fMI 
wires,  one  of  which  aboiiM  bo  gradnated  tn  feet,  and  marked  ati;very  ID  feet  by  km 
or  whirr,  pipcc  oOlnlli  tii-d  round  it :  thp  wire  lanht  be  gradnated  by  soldering  to  M 

propi'i  l\  .  ■     ■         .    i        ■     !:!■  ■   ■!  ■■■■!  I  -.      I  i.i   .-ll..  J  ■.  .11-  j^  ibe  safety  wire,  and  itM 

hbiiri  III:..  .■   i       llii  s^iini  jMiivi-liould  iiu  reuewed  occaMioaally to ioMm 

apuiii-l  '  lIu'Mj  wiri'H  should  roii  over  larife  muoden  pulleys  Id  inohU 

iti  di; '  "    Kiilli'jB  will  break  tbe  wire  in  a  short  time. 

Tlir  '  :■  ■  .1   iiiifdbylwo  wires,  one  of  which  is  the  iron  graduated  wiwi 

Ihcib.  I 'I'l  tbiH  1.1  the  iron  reel  on  the  entamamn,  and  is  taken  JM 

Ibi-hli.ii            '     "  I  I'l'  "I  '--'■ --'iirin^s  which  press  asainst  a  cupper  band  nlud 

is  Bill' I.  ■  ■  .    i'(  tier  wire  is  innnlated,  and  is  wound  aronnd  (H 

iron  s:U'  I'lhi'Trc^l;  the  insninted  wire  passes  down  to  thi 

sbal'l  ill   .'           ,  I             I  uTiinvfimderlbp  bpsringtoonotlier  copper  banj 

mbiili  ■  ■■■                     ■.    i-\  I. in.'  Mi'iii-.'ii  ilrivi'ii  nuder  it;   threo  sprtnn 

pru»>:i.  :!■;  I   ■!     :u[.  oruiore  spriugB  are  nenS 

Til.'  II"  I'll  vertically.     It  is  faitt«oeil 

t.t  till'  iiiiii  i.nl  I'lu'  fnol  aliiivc  ilic  ivi'i;^lii  ■,  ilic  n»l  .-liimld  bo  tbree-roiirtha  of  an  inch 
iu  diaiiH^tir.     Tlio  «oif,'lit  ii  liiiki-d  tn  tbi-  rod  iso  iliut  llio  vane  keeps  it  parallel  wili 


If  ititejjriitiiniH  are  to  bo  tiiken  with  tliisii]>pnrntiiH,  Ihi'v  iniiHt  lie  take 

tiiius,  top  to  bottom  and  bottom  tn  top,  mid  ii  niemi  of  tbi'  two  uxcd. 

Ill  the  right-angled  triangle  X  It  C,  let  A  ft  i'<iiiul  the  ilistiitico  thew 


lie  taken  in  both  dirtfr 
whik 
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ii«ter  is  morhig  from  the  top  to  the  bottom,  and  B  C  equal  tho  depth  of  the  water; 
the  line  meMnied  by  the  meter  will  bo  A  C. 


le  meter  most  be  lowered  at  auoh  a  slow  rate  that  the  line  A  B  will  be  very  long 
roportion  to  B  C,  so  that  it  will  nearly  equal  A  C. 

Mid-depth  velocitiee. 

I  takinf;  tho  velocitv  at  mid-depth,  the  meter  must  first  be  lowered  to  the  bottom 
the  soondiog  read  on  the  wire;  divide  this  soundlug  by  2  for  tho  uiid-depth. 
mgto  the  sag  of  the  wire  down  stream,  this  Rounding  is  greater  than  that  taken 
b  the  lead-line,  and  must  not  be  used  in  calculating  the  discharge. 

Sounding  the  section, 

he  section  shonld  be  sounded  Just  before  or  juat  after  the  measurement  of  velocity, 
^t  whens  a  wize  anchorage  is  used ;  in  that  case  tho  section  can  be  souude<l  at  the 
K  time  with  the  measnrement  of  velocity. 

be  soundings  shonld  not  average  over  45  feet  apart.  Tho  soundings  should  1>e  read 
both  leadsman  and  recorder. 

r  an  ordinary  lead-line  is  nsed,  it  shonld  be  tested  as  follows :  Just  as  soon  as  the 
lulinn  are  finished,  fasten  the  lead  on  the  ground  and  tie  a  spring  balance  to  the 
I  oi  &e  line ;  give  the  line  one  quick  pull  and  fasten  it ;  make  tlit^  i)ull  just  equal 
the  poll  which  the  leadsman  gives  the  line  >vh('ii  he  rai.si  s  it  to  ttiko  the  sounding; 
B  mcMore  the  lino  and  correct  the  soundings  arcordiiii^ly  ;  nMiicmber  that  if  the 
r  u  too  short,  the  soundings  are  too  great.  With  a  lG-])<)und  lead  and  100  feet  of 
c,  tte  pull  is  about  2d  pounds. 

Method  of  reading  gauge, 

nwn  the  river  is  rough  the  gauge  should  be  read  with  an  inHtrunient,  a  plan  of 
ii-b  ih  inclosed.  The  iustniment  isclani])ed  at  an  rvrn  tenth  of  a  foot  on  the  gau^c; 
n  the  distance  from  the  clanii>  to  the  water  is  read  on  tin;  graduated  i>lato  which 
snpinthe  center.  A  small  bole  near  the  bottom  of  thr  pipe  lets  in  the  water 
ick  lifts  the  air-tight  float  and  ^^aduated  plate.  \Vhcu  the  waves  are  G  inches  lii^li 
'  gaage  can  be  read  with  this  instrument  to  within  one  or  two-thousandths  of  a 

Method  of  meaeuring  diseJ^arge  when  the  rircr  is  frozen  ovn\ 

WTien  the  river  is  covered  with  ice  the  meter  must  be  i)nt  tlown  through  holes,  and 
ipparatos,  a  plan  of  which  is  incloHcd,  should  he  constructed  for  the  ]>urpose. 
'tis  a  house  on  a  sled  and  contains  a  stove,  which  is  led  from  the  outside,  a  fuel 
L  a  battery  box,  and  two  reels  for  lifting  the  meter,  X\\v  handles  to  the  reeln  being 
twd  from  the  outside.  It  is  largo  enougli  iV>r  one  man  only,  and  shouid  be  made  as 
bl  s»  possible.  The  meter  Ih  lowered  through  a  trap-door;  one  reel  carrien  a  standing 
ppwith  beav3'  weight,  and  the  other  carries  a  smaller  wire  with  the  inMulated  wire 
and  around  it,  which  is  fastened  to  the  top  of  a  ]>iece  of  gas-pipt? ;  the  meter  fastened 
the  gas-pipe  slide's  up  and  down  on  the  standing  wire. 

fbr  electric  current  is  carried  by  the  insulated  wire  and  the  wire  around  which  it  is 
vid.  It  is  taken  from  the  hub  of  the  reel  by  co])por  bands  and  springs,  the  same 
■R  used  on  the  catamaran  ;  the  standing  wire  should  1>e  graduated  to  f(*et. 

Mfthod  of  reading  the  gauge  through  the  ire. 

-at  a  hoI«  where  the  water  is  not  over  4  or  .^>  feet  deep,  and  drive  in  a  stake  with  a 
U)d  top;  let  the  top  of  tho  stake  be  about  8  inches  above  the  bed  of  the  river ;  de- 
'nine  the  elevation  of  tho  stake  by  leveling  to  a  bench-mark ;  read  the  elevation 
the  water  by  measuring  from  the  top  of  tho  stake  to  the  surface  of  the  water,  using 
|ndnatcd  rod  with  a  pieco  of  board  on  the  end,  as  shown  in  the  plan  accompanying 
■  reports    It  will  be  necessary  to  melt  the  ice  from  tho  rod  after  each  reading. 
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TW  dmUt  AooM  be  tat*d  in  a  lake  of  Btill  waUT,  wliich  slioiilil  luii  l,u  less 
(wt  d«y;  put  tbe  meWr  on  an  ii-oa  rod  bo  Ibat  it  ie  frie  to  awiuu,  in  any  dirt^ 
tMteBlbnrod  in  front  of  u  sldff  bo  Ibat  tbe  m.t«r  will  !»■  imnio  dintnuce  under  ni 
irilM-ntrlra  isioonvartotheenTfaoeortotheBkiff.sgoodrjitinewillnotboobli  ' 
Dnw  lb«*kifft)y  m«'uia  of  B  rope  at  itiSercDt  velocities  ovtir  a  liKMi  oraOOfi-et. 
■   wuiMe  Ihp  Bwt^r  ocrasioually  to  Bee  if  the  connecting  wires  liave  not  become  twil 
•roaadih*  iiun  rod,  suiif  to  hold  tbe  meter  out  of  Hue  nilb  ihe  current. 
All  tb»  minge  of  •  meter  ihould  be  the  eiine,  nnleaa  thf  wbeel  has  been  bout. 
All  t^  iMtbuds.  instrumentB,  and  every  part  of  tlii-  appamtns  uivou  in  Ibiit  rvna>4 
IwTo  IwiMt  bed  by  me  for  a  long  time.  aDd  sre  known  to  work  well.     Tbe  drawlsa 
ae«qapanyit>g  ibis  report  were  made  by  Mr.  M.  K.  Bowen,  recorder.  "■ 

KcspMirtlUy  flubmitlHl. 

W.  O.  Pmck, 

Jtaittaml  Emgimttr, 


Dltekarge  ohtenxttioni,  Paducah,  Sy. 

This  tcctiun,  of  nbith  a  skHch  and  profile  are  given  below,  was  located  2| 
briow  the  umnth  of  the  TennmBM  RIvct.  Parallel  Imwp  linrs.  one  on  encb  stiore,  .,„ 
IU««I>  and  the  obMrvationB  taken  ou  m  Vtav  at  right  anglca  to  these ;  llie  distaneo  In 
tVM0  bsar*  was  *.\t»  trtft.  Telocity  was  taken  at  sixteen  or  seventeen  elaiiom  « 
UlianM»,and  BoondineB  fi>r  seatiOD  WDTvmBd<?ut  iutervalii  varviu^'frum  r>0  tolWferi 

Abon  tbo  Btagvof  41  feet  Ibv  IllinuiB  bank  wmi  overlluwed  for  a  limited  widlk.   4 


a  a  d(>[>resBiuu,  the  bottom  of  whitb  was  nt  Iho  _. 
1«T«1,  Tbe  wMvr  width  and  area  of  this  depression  wm*  neglected  la  tbe  Arid 
pulatioaa.  bnt  were  inolnded  in  the  revision  mode  in  the  fliSce. 

A  pecnitar  frMure  of  this  sMliun  is  that  at  thin  point  thu  wntcrs  of  tbe  trta 

an  Httll  bnt  ImpciftoIIir  uingM,  tlie  flow  of  the  Tt-'nneHBee  nvirlj-ing  that  of  tk 
Ohio  for  •omo  dt*t«ci««  ooi  from  the  Kentucky  side.  In  eonseqnence,  the  TclociA 
taken  by  the  meter  at  mid-deptJi.  in  this  part  of  tbe  section,  being  Ihoec  of  lbo4l 
derlyiuf  current  (Ohio),  which  is  here  swifter  than  that  of  llio  Tennessee,  oro  hi  ' 
tbau  tbe  ueiin  Teloeities  Indicated  by  inIef;ration  measurements,  mhiln  the  o 
Bpuudiiif;  rod-lloat  velocities  are  reenlarly  lees  than  the  uieau.  In  the  fli.-lil  eonifiaw 
tluiis  this  annnialy  nas  disreearded,  but  in  Ibo  office  euuiputaliciiin,  tbi'M  mid-ilepth 
vetucitica  were  correctol  by  Uie  use  of  coefficicnis  deduced  from  lltu  velocity  curvea.. 

In  tbe  labtrx  tbi^  mean  icauKC  reading  is  given  for  noon,  while  thn  cunipulatiotisaiia 
based  upuu  tbe  ^nge  height  at  the  mean  time  of  ubservutiou, 

Seonr  uud  fill  is  the  diuet^nce  between  Ibo  change  of  area  bs  observeil  and  tliai 
caiiipute<l  IWim  tbe  cbauge  of  gauge ;  sconr  is  recon^l  as  plus,  fill  as  uiiuun. 

The  datu'i'  stage  wd»  taken  at5(tfeel,  and  an  area  below  tuts  datum  nssumed.  "Atm 
below  datum ''  for  each  discharge  was  obtained  by  combining  the  scour  or  fill  with 
tlie  preceding  datum  area. 

The  dircutiun  of  the  wind  is  recorded  bv  the  "  clock-face"  method,  XII  being  np- 
stn'nni.     Foree  is  estimated  on  a  scale  of  1  to  10. 

Tbe  computations  from  tbe  beginning  nf  ubservattans  to  Angust  12  were  made 
in  the  field;  aftiT  that  date  in  tbe  oflice. 

E.  H.  Twining, 

NOTn.~Tbo  dischnrgo  at  this  point  is  subject  to  the  control  of  such  varying  con- 
ditioDH,  that  the  plotted  sheet  shows  frequent  departures  from  a  normal  curve. 

The  cnnditionn  of  control  are — the  stage  of  water  at  the  month  of  tho  Ohio,  tliat 
of  the  Upper  Ohio,  and  that  of  tbe  Tennessee. 
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•2oU«  •       REPORT   OK   THE   CHIEF   OF   ENGINEERS,  U.  8.  ARMY. 

.. -Ar  C'lr  ■^13L•^.  Ky..  J.   II.   D.WIS,  A.SSISTANT  IN  ClIAllGK. 

•i 

Office  Mississippi  River  Commission,  j 

.Sciinf  LoHM,  Mo.,  July  7,  1883.   /^ 

"^ii     I  'iv-  '>••  '..«'»':•  r  '•>  ■sribmit  the  following  repdrt  on  the  o1>ser  vat  ions  made  iA^ 
•^  -.  V  ■   .  :7-  •*.  1».    «:=:':..  r  IT.  I'-rl.  to  November 'i5,  ISiJ'i.    The  work  consiatodofS'^ 

:  c  •  .  r .  .v.-  r'.LcK.'i:y  carves.  ^ 

■.:     "..        r*  \!; -r.k:>v  rv:  volocirv  corves.  •' 

1    '     ".  ■     ,■    :  ■  •.  i".  -   ::  •'.  i'..:<. 

>  •.••-■.-■-*    ••  *  ■'  -iTirtaoe  current*. 

I.  I .-   .  •»■  •■■.  —  I':'  V»ir:y.  c«^:i:»i5iinff.  at  firet  of  asBistant,  recorder,  and  tliiM'' 
7"  u     •=.        .;::«\:?  on  the  •JL>th'  "if  November.    After  locating,  oporatiow^ 

' .  ^ ••.  •         •  lA  :  .:  .1  r>.cor!-A:*#xir.oe  ofihe  river  in  front  of  town  for  the  purpoiilS 

.  ^  ^   •  -•    .:'       ^■:.-,^\T.z  <ec:io::.     This  l>*?inj;  comph»ted,  sevenil  days  wen  ■ 

..  /v  ;^  -■  .-  •^- ^>i.«?ary  vrtparations  for  the  work  iu  viow.    These  wen 

.    ..    ^  ■     '.  ■  I-  .  l:  AvO '•-!::  •  :  bivici  -ahipi'vd  ma«it  of  the  material  to  Natchez,  the 

•  \  -x:   *,     ,  -..,■.  :'  r  :l-.«*  «^lai«'rvat!«>i:s.     It  was  not  returned  to  Coliimbun  till 

.      "   •  '.J-.-  .i::rr  rhe  arrival  ot  the  party.    Meanwhile  the  party  wen 

•.  ■. -.  I  .i:.k::'.;ira'- aLilmakinirMioh  uten.«*ils  as  wereneedwl  in  mani^ 

^     •    -     v "    K.ki  ^"T*  "..;•«•*  v.f  re  a:.>«»  laid  t»ll'.  and  .si^xnals  made  and  erected  upon 

\.  •    •     7  ^  i."^'  '••  Jk»  V-*  ^'T*  '^'"-'^  tri-daily  obsi.>rvationH  upon  the  sta^e  of  the 

....      V".  ■   vru '..::■. ::*ar:cai  havini:  liet-n  completed,  the  lirst  diachai^ 

..»    -  *  v.   r^  •  •  ..:      n  :l:o  ITrh  ot"  IVc»  mbtT. 

>  v^.irv:».o'v!<er%arions  were  nuulo  daily.  Sundays  excepted.    Fraai 

'.\  .         .  -  ■."    >'•:.  :.'  N   •••  r^S  T  Co.  l?c?'J.  there  wert*  made  in  all  ^43  set^  of  discharge 

•  ^  •    i      ■  V  •. '..vs*.  '^  *«.:>  wtre  minie  with  double  floats,  cf.^  sets  with  rod-float% 

■ :  >»   *  ".  .-.v  »  •.-.TV".:  :r.t^:«  r.     Frv»;i;erst  ^missions  occurred  in  the  early  p«il 

v  •     i. .-.    •  :    :'  Voo  wtu:l:er  .itu:  acoideuis  to  instruments  and  macmneiy- 

.  .    «    .       .   .    ,a^.7^-l•  v-:  >  Tor  a  \cr::c.:l  curve  wort^  made  upon  each  day  that  the, 

vv    X    M,l       •.  •  • .; -iv*  ir^.  :v.»a<ir*'::ier:ts.    There  were  fivqueut  omissions,  how- 

...;.••  .*     u'x  .  :"  :::vv      Pv.rir::  il'.«    vi^ar  there  were  lul  curves  determined. 

•■     ..  *•  v,r  ,  .■.■^^•.  a»'r»  >>  :l>  r'.vor  *<»  a*  to  iiicliule  all  depths  and  velocities. 

-•.    -x  \.".v  •'.  ;".  >«Tv.i::or.s  w.re  iiia-lo  monthly.    Owing  to  liigh  watflT 

•.\  -.i  rs  :o  t'.'.r  l.iiiv.ch.  thoy  vvrre  not  begun  till  the  last  of  March. 

.     •■  '     :*■    .'v-so  *':  ::.o  w.'.rk  ^  vJirvei»  wore  tletermined.     They  extend 

. "        *  y.'.  ',:..  <a..t^  "I*  •"::•  r:v»'r  fruui  high  to  low. 

.    ^    ...  -  -^si  -A   ;..        ..;    \\,..k*y  wluMi  thf  time  w:is  not  fully  occn- 

•    ■  ■•.  .-.'n      v.    :■*•*''•  :>l  M't- !:uuli"  during  rhryi'ar,  a  set  con- 

;        ■  .•■.-■.■•  ,x  ...  r  .  r«  ..rli  or"  .'»iii»  \W\. 

,.  ,  ,  X  •    .       •   ■.    •■..    ••.::;.'>••  t»t«lrt«Tini!iiii;;  the  aiimuul 

•   .  .  ..••_;t  V  ::.  I'.u  .«.ta.:rni"  liii- ii\rr.     T'.iey 
.■  .  •  -.  .-l".;'-:'.!  ;•  I'l  ••!  on  the  i,;iu;j:i'.      Fn»m 

-.    -   :  •  •  '    I  ni!«  :it-*  ^•.  ii".'  iin^uccrsst'ul.     The 
-.    :  -a'.  -..  h  it  '.v.i-  •i'^'L^ru'il.     The  results 

.      ..  '  .     :  "I  ::.:n  t!:rn' «  l.i-^^ON  :  lt*t.  olisrrvalions 

•     •  -.  •   .■■■f  wirli   r.M'-ili'ats:  :td.  ob.sfrvations 

"»     •  ■.  .•  .;.;:   ■;  v.u '.:  ••:"  ;;  •<ul>«Uvi>iiui.  :is  will  lie 

"«  .  ■   '     ■  ■. '  . . 

..■.■■  ■".im!^  \\  I 'n  ;iM  «1  in  discharge  niea>»- 

••■'.  \  ''..-.  .C  ' ■    .i:    tI'.i  linjf.     Thoy  wtMv  of  the 

\^,  ^-  .       \\  .  \\    \\   \'  ^-.  .1'   r  :'.:ti:i.  Tinn.,  a  small  ct»nl 

■    .i"    .  •«■.  -^      '  •    '    JMII.-. 
•..   -■     .  ^•.      •..-.>   i.t.N  \v,r.'  ^ul  latitat  I'll  for  double 

;■,  X  '. .    ■        X   ■   k\\\"  •   it.  i'on:i«Triil  ami  luioyrd  ]»y  a 

;  -."  .  ^  \\.  :.•  ni  irt»iat»'«l  so  as  to  admit  the 

•  ^  ..•••n;-  .  \    ,-.   ••.::•  -  !^.  >i  al'-Hit   i'.T  Irut  in  <li'op  water. 

...-.        .'  ;       .^:.   .  ■  ^' :  .\ .  r  ill  pih  "M  tin  i:auiiiugs«'ctii»n. 

V    ;  V.   •     ■..  '.N  <  \.    •••  .  •  ^     •  ...  M.iii!'.  i"*.  aiitl  ai   miiTvals  of  about 

; .  .   :  •  li.  :■.'!'«.'  -1  •  .  .1  :•.'»:>.     I'ia'.l  «»l».-*tivaii«»ns  previous  to 

\  u.  ■..   ;.  .  .-.. .-   -.•.  ,."  ,•;■"!.:  •;..  :;  i»ailis  only,  anil  l»\  nirans  ot'tlu^ 

..    ."..  ^. -.  •'•..    •  X'.'.tT  :"   .'    I*...'..  •/:■.■>   u»:t'  loiatt-il  in  two  pi»iuts,  ]»y 

:  :  ■  .•  N  :       (t       !.,•  \::\\  ■  :   "^   ■■;.  :.  l-  i.  ;;  ^o:..i»nnti  !"  w  a-' snbst  itnlid  1\»r  the 

•■.>.•.'.•■.,  ;  ;i»'is  N\t  It'  t.»  jT.x'-  \\a'  i-.:mi!i!    Tr.i-:.  r  '.m  "lisrharm'  r.u'asurruifiits,  but  it 

.       "i  »,•.;,  a'''i     i.«.l.»  >.»   in   i  ;.»•  railv  ]»a: :  ft'  ll'.f  w  «iik.      It    riHilil   ni»t    be  us«'d 

■  ■••»•  '  ;;:n,  !:.  w  liirh  «lnl  imt  arm t'  till  ihr'J,»Tli  oi  l>i'ciM!jlM'r.  antl  was  not  serv- 
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fiseible  for  nKyre  thma  a  month  following,  ozcept  for  very  fUiort  xu'iiodH.  Tlio  motor 
i-m fint  naod  on  Jannary  M,  but  with  only  partial  success.  It  wu8  alno  iisud  on  the 
~  vad  SMh,  and  a  few  times  in  February.  From  thu  middle  of  Febniary  to  the 
of  March,  the  high  water  and  heavy  drift  rendered  it  very  difficult  to  get  a 
"  idiacharKe  meaaoreuout  with  the  meter  at  all,  and  ut  In^t^t  the  work  wau  very 
«tory.  Dorinff  a  week  of  the  time,  alM),  the  launch  wsia  at  Cairo  for  repairs. 
R  being  very  desirable  to  have  a  complete  aef  of  oluiervatiouH  over  tliis  the  highest 
Jtfjboi  the  river,  not  only  of  that  year,  but  then  on  n^cord,  it  was  thought  iklvisablo 
liiK  rod-floats  exclasivefyp  that  beiug  a  surer  method  of  obtaining  couipleto  redults. 
After  March  18,  the  meter  came  into  constant  Ufie,  the  water  having  fallen  sutliciently 
lihsndk  it  with  safety  and  comparative  ease.  The  rod-lloats  were  still  used  at  iu- 
tsrals  vt  about  two  weeks^  in  accordance  with  iiiBlructionH,  and  Hometimes  oftener, 
~^  iths  meter  needed  repairing  After  and  including  Mareh  IH,  with  few  exceptionB, 
oat  waa  anchored  during  the  observations  with  the  meter.  Pit^vious  to  that 
ttM  obaei  rations  were  made  without  anchoring.    Both  methods  are  described 


1U5THOD8. 

.^-Two  ranges  were  laid  off,  100  feet  apart,  and  as  nearly  paralhil  as 
iHyneticable,  with  no  better  instrument  than  a  cloth  tai>e-lino.  They  were  also 
IBflttnUy  at  right  angles  to  the  thread  of  the  cuiTent. 

Ok  these  ranges  Ixont  and  back  signals  were  erected  on  both  shorty,  and  also  inter- 
■idte  ones  fir  use  in  measuring  didtances  with  the  telemeter.  The  tioats  were 
Mlisslelul  by  an  observer  in  a  skiff.  The  connecting  cord  was  made  of  Huflicient 
Ingm  to  allow  the  snbfloat  to  run  practically  at  mid-ciepth,  the  limit  beiug  between 
fta^nths  and  six-tenths  of  the  depth.  The  float  was  put  out  fur  euough  aliove  the 
Miriaiigo  to  aosnme  a  uniform  rate  before  reaching  it.  The  skitf  was  kept  in  lino 
«n  tto  float  and  at  a  convenient  distance  behind  it,  while  passing  the  raugej}.  The 
ftom  rihore  was  measured  by  the  observer  in  the  skitf,  when  he  reached  a 
aboot  midway  between  the  two  ranges,  the  telemeter  l)eing  used  for  this  mir- 
MM.  Sonndinga  were  taken  on  each  range  by  a  leadsman  in  the  bow  of  the  skiff. 
lAvpaMngfhe  lower  ranj^,  the  float  waspickitd  u]),  the  skiff  rowed  above  line, 
Mi  the  operation  repeated  for  each  successive  observation.  The  lloat  was  timed  by 
■  sbsBrver  on  shore,  who  watched  its  crossing  of  the  ranges,  and  ut  the  same  time 
— ijwileh  il  a  stop-watch.  To  aid  him  iu  determining  w*heu  thi>  tloat  ci-ossed  the 
■MM,  a  fine  vertical  wire  waa  employed  at  each  of  the  range  stations.  Hy  standing 
jHtmindit,  andkeepingit  in  lino  with  himself  and  the  signiH  across  the  ri  ver,  the  time 
tf  tke  floats  crossing  could  be  determined  with  tolerable  exactness.  A  lield-gluss  was 
dnved,  through  which  the  wire,  the  signal  across  the  river,  and  the  lloat,  could  be 
MDctly  seen  at  the  same  time. 

Ikeaetnal  float-path  could  not  be  measured  by  this  .method.  In  the  computations 
k  vii  eonsideTed  100  feet.  In  most  cases  it  was  greater,  and  where  great  accuracy 
fifaxed,  the  length  of  path  shtmld  be  corrected  by  those  determined  afterwards  at 
wrnponding  stages,  by  use  of  the  transit. 

MU'fMU. — (1).  Previous  to  the  use  of  the  transit,  March  1,  the  method  of  using 
Ni-floats  was  the  same  as  that  for  double  tioats,  except  that  they  were  not  run  at 
itf  duptb.  With  few  exceptions  37  feet  was  the  immersion  used  in  dt'ep- water  ob- 
WUtioaL  That  for  shallow  wator  was  regulated  by  the  souuding,  the  iloat  being 
ns  at  near  the  bottom  as  practicable  without  touching. 

iel-jbaft. — (2).  A  B.  &  6.  transit  (No.  237)  was  receive<l  the  latter  ]>nrt.  of  February, 
■i  Vnmght  into  immediate  use  iu  the  discharge  observarious  with  tioats.  The  range 
faH  wexe  tested  and  found  but  slightly  ont.  A  base  line  of  515  feet  wiis  laid  off  at 
B^  sngks  to  the  ranges,  and  a  transit  station  established  at  its  extremity.  A  tele- 
Pi^  hne  was  erected  for  the  purpose  of  Bignallin|<  from  the  station  on  the  ranges  to 
littnaiBit  station.  A  key  was  placed  in  the  circuit  nt  each  of  the  range  stations  and 
•nnderat  the  transit  station.  The  circuit  was  l«?ft  open  and  could  be  closed  by 
tndtin^  either  key.  The  floats  were  handled  fnjm  a  skiff,  the  launch  luring  used  for 
tnisgit  above  the  ranges.  The  l>oatmeii  were  neceasarily  relied  u]>on  for  correct 
■Mipalation  of  the  float  as  well  as  the  taking  and  recording  of  the  soundings.  The 
tarn  being  in  position  and  j)roperly  si^t  with  the  lower  plate  clamped,  the  battery 
m4i1I  being  in  x^rfect  workmg  order,  the  following  programme  was  carried  out  for 
vAsbesrvation: 

The  float  was  spliced  and  lowered  some  distance  above  the  upper  range,  so  as  to 
'WBM  an  erect  position  and  uniform  movement  before  reaching  it.  An  oi)s<>rver  on 
ttiBpper  range  watched  the  float  until  it  came  within  a  few  feet  of  line,  when  he 
^*>Aed  bis  key  twice,  for  a  ready  signal  to  the  observer  at  the  transit.  \Vhen  the 
tensched  the  range  the  observer  touche<l  his  key  once  and  immediately  went  to 
ttiknrer  range.  Here  the  same  signals  was  given  as  on  the  u])iN*r  range. 
Iks  observer  at  the  transit  having  brought  the  float  into  his  field  of  view,  followed 
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;:;tp,  not  eicfr^-iifrir  T-t-bilf  f— .t  ji*-t  *--^''-:.c.  ti-:  il^i.  »t 
'  urn's.     At  the  iL-tii.T  o:  j;m-.:  fiLT-b:  ;i>-  •v»**rTtr  d:':«^5 
-     :  ■•   '.  ilii-  •'lectri^'al  r* -^I-irr.  l«y  :r.rL:L^  -r-  71-.  ?w::^L, 

■  ■!  ::  |»i':nt  'wit^iL  i  iVt''^  t-.tt.*  '  f  t:,^  '-vtv-^  .  ih*  zi.h-  a:  tb* 
.  ■  ;iijd  uiK»n  frriiLc  Tlr 's^--,'!:  t.'-:l.  1-  '  jilvd  ■•t:l.*-""  iiid 

■  ;  T'.  :t(l  thtr  rp-pi>:f  r  ^  ;T''j"'t  "■   : ;  1:  r  :". 
■  T in.-  Time  aad  the  r^;: '-•*-!  i-  :i'::.  j    ••rj'   zlj  r^^iir'^i  s-'i^-  *t:I!-  «:j*e- 
.    .  «i'.  water.    It  can  he  t\i,z.r  *'.v  :L-.-  '■'  ^.7"^r  i:T-.:'':rj  :l  i:_::.d  t">  r^**!- 
.-r  •li:il  only,  from  tb^s^inLd  of  iL*.  r-j:*:-:.  •.'-r.r.'-z.z  '.'-•  Ti-.k-.   -i-r.  Li2:. 
A  v. 

imt  is  callefl.  the  «;coiir"i>  f-iT.:-  "  :r.  ;.  •::..-.  LZ.r.  ::.-  r-i  "ir ;:  -  f  -h^  ".-.*■:  c'.hl 
;i5t«*r. can  Iw  jotted  dowii  la*;:!;..  v.L-.l  ::.t-  I,  -r  fiLO  i_-t. -;•*■?  '-i  'Lr  rim* 
[vadings  of  xhf:  reiiiaijiiu;:  •:!.:>  ■•!  :.•.•  t  ^.-'-r  ■  .^r^  >--  *■■'■:.»:•_,'-■:  a:  l->-nr*-. 
ttle  practir-o  the  ii».-ap.*.«T  sc-r-  i»fl  i..i  :::..-  .:• .'  -'l^  irar^-*  :  u.i  r-vi  iMi^a  of 
wheel  can  hf  accuraielv  ••*■•  a: :x-«i 'v  *i. --*.»:.. ■=-  ••■*.-rvr:.  "TL.-  n^-Trf-r  "was 
to  the  surface  at  the  ifumt  late  :•>  i*...*:  •■:  ::.r  '"•  -'•::.  •':.•-  :  .a:.  «:  iLr  rt^I 
time**  when  the  i<tartin^  ]-f::'.x  v-a-  r*.^  '  T;.    "'-i-Tv*-:  u^'^^  r*-ad  the 

d  stopped  the  re<rist ••  r,  retort : i u 2  t h'.-  r ^ s  ' . ij*  •  ■  f  ":  1 1 h . 
eralta  of  int^^sration  "wcr»*  saTi*!act«  ry.  "L'.  !..•:•■.  r  •v:i«  ;....ir  '....-s-.  r*-i  f'-r  nsid- 
ervations.  This  was  rLin^  by  i:'.'riz.-j  i)  ■  :..2:l  r^*  1  •■:.•  -h./.f  t1-  r.-ii'-er  of 
nired  to  wnd  the  mttcr  to  th<-  l-Viitoiii.  TL-  i::'=-*«^  r  ii  1*  r-;:;  a:  y!.:':-*.'  zrh  for 
vc  minntes.  the  re^risTf-r  l»eins  r*-a"l  a:  :!•.♦  t-r.'i  <•!  •  ^oh  inin-:*-:-.  Vi  h»-n  it 
ble  to  hold  the  b<iat«i  in  on*'  p/^'.-iri"!!  tb*.-  ::.»  t»  r  ^n*  r^i:  a  "»;.•.'%-  iii:iL?^»«-r  •'•f 
It  mid-depth;  otherwise  it  was  inn  a«  drM.Til«»r'':  in  tIi"  iLrth''<i  wiihont 


arc  wa«  exercised  bv  the  cnaiJ»*-^r  ai.d  .*:'er-:;.:i:j  Tr«  LoM  tL-  W-ar*  in  one 
niing  the  ohfiervati^^ii,  iisini;  tli»-  r-nzii;-  "^L*  n  7i<:-c*  ^viar;/  to  as!<>:»t  The  anr-bor. 
iu  not  needed  the  en;j:ine  was  V:jf'  ii'.^viu::  r Ir»v !y.  »xc»=']iT  :n  ♦-itr»rni«r  low 
order  to  prevent  the  wheel  nf  7::»-  Lxv-iirli  iroin  r.Tar.jiutr  ib--  f-rrent  near 
je.  In  extreme  low  water  the  en;.'j:.»-  (t.-riM  not  Vi--  mn  wi:i:oi:t  changing 
on  of  the  boat. 

remt  wuttT,—{'2.)  Withont  anchoring'.— 0::ly  nii«i-«]e|»Th  olisrfrvation*  were 
this  way,  and  at  times  when  anchor iu l' wj*  i;ftt  jira«ri<":iM»\  The  ni"th*:»d 
t  sligbtiy  from  that  jnven  above.  -\fr»r  ilrifrin^'  int'i  j.-'fiTion.  the  s'liintling 
«n  talcen,  the  launch  was  held  a*»  uearlv  in  "U-  T"-;Tir.rj  a^  r.as  i'»^'>-ib]e  bv 
11  watehfnlness  of  the  steer-smaii  and  *:z^)z:i.*-fi.  Tb'r  j:i"'*'T  y^-zniz  iMwered  to 
I,  as  cstimateil  from  the  ji^Hindinj.'.  t!j»^  r:::;iUuran  wii*  ^-itil-Lt  tm  ii,i.  ^ranff- 
D,  when  the  time  was  nf^tMl  urA  tl.o  r<.':,'>'  -r  *.:ar:«  il.  Th»-  •-iiL';rj*-»-r.  .-tanti- 
lishand  on  the  throttle-valvf.  va^  fiM"  ti.  !:•■•;!  :h-  imat  a',!ij-»^T  «•;;  t1i»:  same 
ingtheohfiervation.  If. h<»wtT«  r,  at  t!:e  «  n«I  oi  :.vi-  h.ii.-ut--.  tL»-  i-a'amaraii 
a  little  above  or  below  th  •  ;:aML'irijr  m*  ti«»n  ir  'a::*  brnnu'b*  inT'»  T-ti^ition. 
timo  wa«  aj;ain  noted  and  tlie  r«-;;i*t«-r  .»»rr.p],<-iK  1'!^*'  riadin.i's  01  tlie  laiter 
m  and  recorded  at  the  end  of  each  nji:*uT-.  and  alv  at  ilii-  vU-^*.-  of  the  ob- 

t  of  starting  and  sroppins:  tlic  ineTer  re;:i.*t«.T  0:1  tL*;  -ianie  rani;*-  jiriicrically 
the  effects  of  any  niovt-ment  up  ai  d  r!own  sTi^-an:  d'Ti:.;^  thr  ri}»-ervation. 
s  due  to  lateral  niovenirnt  are  not  so  ea^ilv  f  oniT»^i^atf-«l.  iis  ilie  rate  of  the 
ccclerated  by  a  movement  in  either  din-rTion.  Sn'  li  1  rr'»r«<  wi  rt'  eon,  pa  ra- 
il], however,  exci'id  in  cases  of  vi-ry  lii;;li  wind,  wlnii  xh*-  'noar  was  liable  to 
o<»iti(m  to  a  considerablo  e^ctent  in  a  lateral  dirf-etin!!. 

discharge  observations  with  the  meri-r.  i-o'jsi-Ti.d  «■!  veNirit:*--*  at  niid-de]ith 
tegratiou,  when  anchored,  and  at  mid-dciilh  wiien  not  anrlmr*  d.  at  fruni  l*i 
ions  across  the  river  on  tbe  jranirin;^  section.  A  smividinL'  war  taken  at  each 
IS  the  bottom  was  very  cvtn,  this  wa«  thought  sutiicient  to  j^ive  a  correct 
e  section. 

METERS  AXD  METER-KATIXG. 

is  meter  was  employed  exclusively.  linrin;;  the  year  Nus.  3,  r»,  and  23  were 
fferent  periods.  At  times  the  meter  in  n.-e  was  not  in  the  bcnt  of  order, 
the  excee<ling  delicacy  of  the  instrnnient  :ii;d  tlie  want  «•!'  a  person  capable 
og  it.  The  errors  thai  might  aiist»  from  iliif*  soiine  wi  le  n  diueil  as  much  as 
y  frequent  rntin^rK-  The  same  meter  wa^ seldom  used  bmtier  than  two  weeks 
eceiviug  a  thorough  rating,  and  when  ihoujiht  advisable  it  was  sent  to  ^>aiiit 
repaint.  With  the  greatest  ]tiecantion  it  \\a*»  imjiossil>le  to  keej)  the  meter 
order  at  all  times,  and  consequently  the  frictional  i|uantity  will  bo  found 
ge  in  snmo  of  the  equations. 

0/ rating  the  meter. — ^The  rating  was  made  in  the  still  water  of  a  pond  about 
p.    The  meter  was  attached  to  an  iron  rod  Kecurcd  iu  a  vertical  position  at 
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!..u.-rswi  roadqitli  of  nUz't  :•  :Wt.    Thi*  skitT,  with  th 

-.-.   .r:i-.v:i  ibrmij^h  tin*  water  i:  i  inifonn  vei<N:ity  by  a  umI 

■  ••■:.  <»-i!».  Lnlilinjr  a  rf«j»^  .r-..iiMiMi  %i  -.iie  Uiw'  The  tiiS 

--1  "^'-rf  tak»'ii  ov»T  a  li:*:.^  >  :c  I.3i.»  ri»et  in  must  of  lil 

i"..  «.  :  ?.->«!  of  inim  twel*.*- :..  :vtii77  such obserratioDB, Hi 

.-  :*  1-  "'_:•  •:-;:iartt-rs  of  a  fon;  :    1    :**«fT;  i«-r  4»>cou«l. 

«   ..  :-L\iz  Ti*  ;k4  follows:  WL»z  2  ^i-i'^'jiol.*.  tworanf^  wcN 

-  "    •-     .  --iL  ■ :"  *:!i»:  skiif  ami  :h  '::  :fr  L»t^ac»-  apart.    (M 

•-'  •  j.*  •:*"..• :.  •:.  'vLo oalltrd  •• ::::.'  ~  --:.•-"  -j.r- iiitft^rrml ]numI 

r  -1 :  ~-:  1  :   »•.'..;-  '.v»-re  lak'-L  '•  7  tI-  : ":-fi«-r.wr  in  thesUl 

-•■  r  --il-     I:.  L-i->  I  f  ih».'  ratirj-  "il:-  z.-th.-ti  wa*  not  pfM* 

T- «  ..  -.:  •!  j"-    :  'L"  t--:.*!.    I:*  :1.*  :;-•■  "„-  -i^-:  »!>  wt-re  gt¥fli 

:  _•  1?.-.- :  :  lr.;.v;:.j  ii.«r»k.n.  "ii::-::"  :^:s^  called  as  thij| 

•  -  >  •      r.'''  i«  !:.»••  f.-rru«*r.  i*  jt;-a:  ;dr*  wa*?  taken  || 

.  :     •.:::."-:  -/.z.f  of  r;*:::.^  It  zzk  si-th"*!  of  1 


-  '.  -:.-  "•  .*:•  L*.  a:,  i  ::.  •  •.■i:.«r^.::t::  "sriti  that  woiIl 

-...■■  -:    ■.-  »:  :»  "►Ta:;'-:..  wLr--  ;:  ww  <le«ired  !• 

•~--  :..*  •  r^«'.  j'    •;:'' ::..L-a.  .»::•!  iL  "' «^r vat ii»o  of 

.  .  ~  ?   ". -..  •. ^.'.v^;.  ^•:ii:^:...r  •.iiTTt^^- i-iiias toi>oiii0 

:..-.-  :.: .:  r  » ;.  \:A  •  :>.  u  :l-i>'?  vVrvaTi«>n  madtt 

■.:     i  -•.!.:  w a*  r^.-.L-tl  ;;^  Lvar  liitr  l>ott<im  m 

-■  '       \  .:.*.*  :l  •!.•.•  "rv<r>  wr.-:,.-  n^oally  takM 

*-*! .-  -.  --      •-.:.-  1 :..  rtT-:  l«y  takiaj:  such  a'part  of 

:  '-  n*  ■•■■: "   •..  :•  ,:.:-i  •.•..»<  ••!  tii*.  whole  number  of 

.  ••  •.       r.  -?*•    .  •^rv.i:...-jH  ■»••:»:  midt*  at  dUferent 

_     .-  I  •-•  T--^  •  --:•.••;  :u  :••«•:.  l.  thrro  is  a  com* 

-  jr  :  r-i-  •--  :    -r.  :l  .--i:!*:  al.  depth*  and  velocitiec. 

:    —..••->.  V.;.  -v  ■  ?r-rTj*;..L»  wtreniadconarangi 

>.     7-"  rr.^'.  '!va.<  a>ve  thtr  lar^e  eddy  os 

-"    •  -:s.-  .:  :    *.  :*.  .i:  *.  I-.  -:  hich  stai^:-*of  the  river. 

-  -.   -.L-    "_*''•  -    •  ---  "••--  <>t*  tht-  lannch.  not  al 

-.  •-• :..•  :*..  •:  '^i*  ^5  f«»lIows: 

.  :  ..        .    •«     «-l:  A-  *  r»  v.  .»;.ily  descril«^1.  was  nii»» 

_   :_    •  •  '.    :*  .  ■ -i:..  tha:  proj».'cteil  alwiil 

r  -       .*"   i 'L-::".' ar.'i:::il  a  rvel  on 

-  :    -•  ".   .V- :-•'..    TL'.- :.iJi!:.  h.  with 

_     '    .       ".-'..:.•  •  .   '.. ;;. ..   i!i'« 

•  •  :'•  - :    •  .'■  y  !/•    Mir- 

"•■  '..    .  ''.      :'.  ;.•...•  .  whrt 

•  •    •  « »       ■ 

_  ^  ^  -•  ...',      ft:. 11 

■  *  .*      ..  '  ir..-  !";    i  •.•!  T- •  •  ►! 'itll. 

•  ■  ■ 

*'  ■'.  •    r.v.  r.     >••  ::.«iiiii:!» 

,     ,  -  .V  -  •    :"'S-.  rv.irinii-* 

.        .    •  _  -k:::  ::i  :!.»•  M- 

:  '  :   Z'  "f  ■'•.••  ri-.u'h, 

'■  :  :   t"V  •"..«•  i:'u'  to 

*."«!'•.  ']\v  llu«j- 

.'.  •  :";i:.'  n\ur. 
:  r  •"  ■   li-.ui-liiH' 

.•"•*.    i-'icii  the  tiiiH' 
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'  was  loeated  by  a  tranaitman  on  shore,  at  4  point«  in  its  path :  ou  tlio  npi>or 

langety  and  on  two  ranges  200  and  300  feet  respect ivcly  from  tiio  upper 

B^  meaiw  of  back  and  front  signals  on  each  of  the  ran^s,  tlio  Uiigmau  sig- 

i  to  IM  obaerver  at  the  transit  when  the  skiff  was  on  line.    The  angle  wn»  taken 

lagman,  wbo  oat  near  the  leadsman.    From  50  to  150  Houndings  were  taken 

lina  cf  500  feet ;  sometimes  the  nnniber  was  even  greater  in  very  low  water. 

h  to  reeeiTing  the  transit,  March  1,  the  boat  w^as  located  in  only  one  point  of 

■lidway  between  the  second  and  third  ranges,  by  means  of  the  telemeter. 

mclncung  September  8  the  angles  were  taken  with  a  goniometer,  from  the 

fttorimisly  occnpied  by  the  transit. 

"tm  SMnub'a^. — Freqnent  sonndingH  were  made  of  a  section,  ]ocate<l  in 

Bendv  12  miles  below  Columbns,  for  the  xmri^ose  of  determining  the 

eoar  or  fill  in  sharp  bends,  corresponding^  to  certain  changes  in  the  gauge. 

iMmdini^  were  all  taken  while  drifting,  either  trom  the  laimch  or  a  skiff.     From 

lIS  MNiDdingB  were  made  at  a  time,  distribnted  at  equal  iutorvalH  acrom  the  ri  vor. 

loeated  by  a  transitman  on  shore,  stationed  at  the  end  of  a  OOO-foot  base. 

were  taken  ou  a  flagman,  stationed  iie^ir  the  leadsman.    Thon)  was  also  a 

on  ahore  to  give  range.    After  the  transit  was  taken  away  in  August,  the 

sr  was  naed  for  taking  the  angles.    It  was  stationed  on  a  new  base  line  of 

in  length.    In  order  to  ascertain  the  character  of  the  till,  specimens  of  the 

taken  at  each  soonding  by  means  of  a  soaped  lead. 

IMSTRUMENTS  CONSTRUCTED. 

r. — ^Previona  to  March  I  no  transit,  sextant,  or  level  had  been  furnished 

It  was  therefore  necessary  to  contrive  some  means  by  wliidi  observaticm 

lid  be  located.    This  necessity  gave  rise  to  the  coiistniction  and  us«.'  of 

been  denominated  the  telemeter.     It  consisted  of  a  wooden  box,  having 

^«f  ftelacei  parallel  trapezoids,  two  of  them  inclined  rectangles,  the  n^niaining 

hb  ends,  being  parallel  rectangles.    The  inside  dimensions  wt>n^  about  as  fol- 

kngth,  8  feet:  cross-section  at  the  smaller  end,  2  by  li  inches;  cross-section  at 

■er  end,  S  by  10  inches.    At  the  smaller  end  of  the  box  was  an  cye-pirce,  which 

of  a  oylindrical  block  of  wood  with  a  small  atiertnre  or  peep-hole. 

ittelaiWBrend  was  a  longitudinal  opening  the  full  wi«Uh  of  the  box  and  about 

'in  width.     It  occnpied  the  middle  line  of  the  end  of  the  box,  and  through  it 

eljecto  eonld  be  seen  by  lookin^^  through  tho  eye-pim:e.     Insidn  the  box  was 

ig  reficnle  that  contained  a  pair  of  fine  parallel  wires.    It  was  arranged  to 

islang  the  central  line  of  the  inclosed  space  and  from  one  (;nd  to  the  other.    On 

'"•  retXGule  was  an  upright  post  that  moved  in  an  opening  in  the  up]»er  face  of 

and  terminated  in  a  rectangular  block  of  wood  that  moved  along  on  top  of 

This  was  used  as  a  vernier  piece.     The  top  of  the  box  was  graduated  so 

I  If  Beaxui  of  the  vernier  the  instrument  could  be  read  to  singl(>  feet.    Th(^  gra4l- 

n  was  made  in  the  following  manner :  Two  signals  were  (•n^ctcd  at  a  distance  of 

^IM  apart.    The  distance  Wiis  arbitrarily  chosen  as  the  most  convenient.     Fn)m 

laidue  point  of  the  line  joining  the  signals  a  perpeuilicnlar  was  laid  oil*.     On  this 

I  points  were  located,  one  4(H)  feet  and  the  other  1,200  feet  distant.     At  <?ach  of 

iMfaiti  there  was  made  a  series  of  o1)servations  to  detemiino  the  exact  location  of 

lilOand  1,300  foot  marks  of  the  graduation  on  top  of  tin;  box.     In  each  of  these 

the  box  was  held  so  that  the  signals  could  be  seen  wlit*n  1<M>king  tlirongh 

fsep-hole  with  tho  eye  conveniently  near  it.     The  reticule  was  then  moved,  if 

■Hiy,  by  taking  hold  of  the  vernier  )>iecc  on  t-«)p,  until  the  wires  were  brought, 

[■ifSBtively,  in  line  with  the  signals.    The  position  of  the  zero  of  the  vernier  was 

■■  Harked  on  the  box. 

Ite  nean  of  all  the  observations  made  in  this  way  was  taken  .is  the  mark  of  grad- 
■onght.     Having  found  the  400  and  the  1,200-foot  marks,  the  remaining  hun- 
^"^  marks  were  obtained  by  dividing  the  space  into  S  erinal  parts.     Each  of  these 
M  subdivided  into  10  equal  parts  for  the  lU-foot  marks. 
tke  giadnation  for  distances  less  than  400  feet,  and  greater  than  1,200  feet,  was 
''^iby  sctnal  measurement  with  a  scale,  the  spaces  being  proportiouul  to  tlie  dis- 
ea    In  order  to  nse  the  telemeter  in  measuring  distances  on  the  river,  signals 
VMpat  np  on  lioth  shores,  at  a  distance  of  «')0  feet  apart.     Jiaek  signals  wen;  erected 
liUiat  the  otiser^'er  could  tell  when  ho  was  midway  between  tlie  ranges,  that  being 
M0Hwy  to  perfect  accuracy.    A  slight  deviation  either  way  made  no  appreciabh*. 
■Mr  ia  long  distances.    To  measure  a  dietanee,  the  observer  brought  the  box  to  a 
Mmta]  position,  the  wires  then  being  vertical.     Placing  his  eye  at  the  ])e(<p-ho1e, 
*»  nmng  the  box,  if  necessary,  until  the  signals  canity  into  the  field  of  view.     Ho 
jbn  moved  the  sliding  vernier  ou  top  of  the  box,  until  the  win'^  were  brought  in 
iM  respectively  ^lith  the  aifrnals.     IkMng  car<*.ful  not  to  move  the  vernier,  he  lowered 
fho  bos  safflciently  to  road  the  distance.    The  instrument  wns  not  capable  of  measur- 
ing distancen  greater  than  about  1,000  feot  with  accuracy.     For  this  reason,  signals 
*ae  placed  on  both  shores  and  measnrements  nnule  each  way.     The  accuracy  with 
wbich  diataiicea  eonld  bo  measured  with  tho  t<4emeter,  depended  upon  the  stability 
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of  thn  obeort'tr's position, and  Ihe  cooBeqneiit  moetv  with  nbicli  tbe  » 

brDU((Iil  into  liau  with  the  aigimlH.     lo  windy  weatbet  tbis  wua  Munenhat  d 
but  crcot  skill  wiM  ooqairod  bj-  iirnolice,  aail  a  ■very  clow  anproximstaDQ  ci„__ 
obtkliicd  at  »11  tiiui-s.     Mncbgn'atvTaoQiir&cycauldbeobtainei]  on  land,  when  art 
KAt  csulilbe  bad,  sndit  wadpoasibletomeBauredistuioeBiwcurat^lf  totritbiiia' 

aoHiomettr.—Thia  WM  a  iilaue  Ublo  with  a  revolving  alidade,  and  was  anun| 
ecnli-rlug  bj  lueana  of  a  pinuib-boh  attached  beneath  tlie  point  of  revolnrini).  . 
point  was  taken  an  the  uenter  of  an  arc  described  on  the  table  with  a  radimcl 
laclies.  Angles  were  taktn  with  tlio  goiuomoler  by  iQeMuring  tbe  chords  of  tb 
dudcd  arcs.  The  angle  rorreHponding  to  n  mcaanred  ohorrt  waa  taken  from  QillM^ 
tables.  Any  point  in  the  arc  ounld  be  token  for  the  aeio  jioiDt,  tind  the  tliurda  la. 
un?d  Own  it.  This  waa  a  matter  of  ^at  eoni-enience  in  Buttiug  up  the  in«trBitt,^ 
To  un^»ll^^c  an  angle  on  a  moving  aln«ct,  the  eye  was  brou|;til  to  the  pcep-uglrtaj 
tlie  niidado  rovolvnl  so  as  to  keep  the  vortical  wire  in  line  with  the  olyeet.  "^ 
Hip  signal  wn«  given,  the  motion  was  stojiped,  and  the  intersectioti  of  the  line  ol 
wilh  the  arc  marked  with  a  well  Hharpened  pencil.  The  chorrt  was  then  met 
nilb  u  Iriaugulor  ^nln.  If  the  ebord  waa  too  long  for  the  suaie,  tbe  included  m- 
ilividnl  into  two  or  motn  parU,  and  thq  sum  of  the  correspoudiug  angW  takva. 
prevented  tin-  uw  of  a  niler  being  necessary.  Under  favorable  condltiona  a  '"'— 
close  degree  of  npproxlmatiou  conid  bo  attainnd  with  tlie  goniometer.  ii 

Ki'mvkr. — Oil  the  11th  of  Outobor  InHtructions  wore  received  lo  turn  over  to  i 
Rcunler,  J.  II,  Field,  all  ioatntctiona  and  engineering  property,  and  report  at  Sd 
Louis  nt  Uie  earllrat  eonvenieuou  for  other  duliM.  The  remainduc  of  Ihe  observaUoj 
which  wore  cuntinued  till  November  25th,  were  in  chai^  of  Mr.  Field,  who  for  Md 
time  )>revioua  had  condncted  the  Seld-work  of  tlie  dlBcharge  obaervatiooa.  ,, 

After  the  meter  came  into  oonstiuit  uao  in  Mar«h  vho  flp^-woik  did  not  nHimrvfl 
fiill  attention  of  both  usMstant  and  recorder.  After  that  date  a  largo  part  of  fl 
aeaiiitaut's  time  was  ocfitijiied  in  uoiuiiuting  discIiarsBs  and  doing  other  offlw  mm 
At  (bo  lima  of  leaving  the  work  the  diBcharues  had  boon  computed  ap  to  dale,  iM 
tbe  exception  fif  about  M  weeks.  The  reniumder  of  tho  computations  were  luaAM 
the  oQlce  under  jonr  linmediale  siipervisiou.  At  tlio  time  of  leaving  the  work  M 
of  ihe  notes  in  cwmnctlon  with  velocity  ourvm  and  proas- sec  lion  and  longititiM 
Mniuditigu  had  been  rcilnoed,  oxeepUng  one  net  of  tongitndlnal  aounOings,  whicJiS 
been  plotted  and  a  tracing  made.  7 

The  nufcm  of  tbn  work  depended  largely  tiuan  the  ability  to  make  the  beMviU 
tlie  nieaue  at  hand  for  aoooiuplisbinit  a  paruoular  ptupoea.  The  more  inadeqiuMl 
mraPR,  tUo  AnMter  the  dexterity  ofjodgmeut  required.  1 

The  most  perplexing  problems  ofteu  iireaented  themselves,  inaamncli'aa  the  mad 
tiidp  of  the  work  was  probably  nnderestimateil  iu  the  outset.  The  greatest  «x««n 
wan  mnilo  to  obtain  the  liest  results  possible  with  the  inethod»  employi^d.  Uuolia 
pended  upon  the  individnnl  members  of  tho  party,  who,  with  few  exceptions,  we 
always  prompt  and  true  lo  duty.  Tboy  were  j'.  H.  FieUI,  recorder:  ll.A.  WiUn 
stecrBiimii ;  W.  J.  Wilder,  engineer ;  John  V.  Bandy,  A.  J.  Wilder,  and  John  Q  Ilami 
ton,  hontnieii. 

Ui«pi'i!tl'iil1v  submitted. 

J.  U.  D^vis, 

A$*i$tant  Bngimttr, 

First  Lieut.  Smith  8.  Leach, 

Secretary  Mitmilippi  Eiver  Comrntaiion. 

Diieharge  Obiervalioaa,  Co/umfcag,  Sy. 

The  discharge  coinpntntions  for  this  station  were  made  in  the  field,  and  by  tbe  ft 
lowing  method,  viz:  The  cross-sections  and  poatlions  of  velocity  obBervatiODS  w« 
plotteil  on  cross-secIioQ  pajtcr,  tho  cross  sections  divided  into  partial  aectiona  and  the 
areas  determined  by  couutin"  the  sguarea. 

The  meter  velocities  were  determined  by  ratings  frequently  taken. 

BodJIoat  velodliet  were  reduced  by  Francis'  formula.  Many  of  the  abrnpt  chang 
iu  area  are  probably  due  to  chaiigu  in  method  of  taking  observations;  a  change : 
method  usnally  resulting  in  a  marked  cliauf;e  in  the  number  and  position  of  tbe  ckn 
section  soundings,  aud  often  in  the  values  of  the  soundings  themselves.  The  laige 
number  of  soundings  were  taken  in  rod-float  observatiims. 

The  gauge  leadingi  on  "discbarge  days"  are  mean  ri:a<lingB  for  the  time  occupied 
taking  obaervaticms.  On  "  no  diacbargc  days"  tho  noon  reading  is  recorded;  uw 
being  about  the  mean  time  of  Held  oliservations. 

Datum  plant  was  taken  at  a  gouge  reuillug  of  102.G37  feet. 

i^nfuiK  icidlh,  2,tm  feet. 

Vatant  arta  191,880  square  feet,  as  observed  on  February  28. 

J>aluni  ana*  for  other  days  were  determined  by  sue cesaively  adding  and  SQbttaotii 
SCOUTS  and  fills. 

Mean  depth  was  determined  by  dividing  tcaler  area  by  aaler  iridiA,  and  datum  dep 
by  a  similar  process. 
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■   or   THE   CHIEF   OP   BN0INEEH8,  D.  B.  ARMT. 

UmcK  Mississippi  River  Comkissioii. 
Saint  Loait,  Mo.,  Jvlf  lli,  9 
Sim:  In  aoconluice  with  yonr  letter  of  April  36  incloaiiie  n  copyof  a  lelter  ti 
[irrsidellt  of  Ihc  Rirer  Commisiion,  I  have  the  honor  lo  aubmil;  theToUoniiig  n 
as  appendix  lo  mj  report  on  the  ColnTubas  obfiervnliona : 

Tbc  iDlurnmi  ion  requested  nne  aa  opiniun  as  to  thu  relative  accuracy,  r< 

and  i^cuuonif  uf  ibe  mptbods  vf  gauging  by  doolilo  flnata,  by  a  vertical  rod,  ai 
meter,  wiih  anggestions  aa  to  improvenioDiji  in  the  metbodH  used. 

Rflatitr  o^mnu^. — Tliis  p»rt  of  the  Bubjcct  will  be  coDHidered  by  Brsl  pointll 
■ouie  ur  the  soarces  of  inaccuracy  in  the  different  methods,  and  then  dnwio^ 
cuiiclusiuiis  aa  t«  the  adaptability  of  each  to  certain  cooditioDS. 

1,  Method  bj  double  floats.  There  are  tn-o  probable  sourcea  of  error  in  tliia  q 
Qt«t.  the  necessity  of  assuioiDg  tbe  mean  velocity  iu  a  vertical  planr 
depth.  I'orrectfd,  oerbaps,  by  Horoegicen  formnla:  and,  secoDil,  tie  pc 
to  iDFiisnre  the  velocity  corivotly  al  the  sasuiaed  depth. 

(I)  Br  au  exainiDalion  of  oUservalions  made  on  velocities  in  a  vert 
rouDit  that  lhor«  is  do  fixed  relation  brtweeu  the  velocities  at  different  deptb 
is  especially  the  case  in  silt- bearing  slrvams,  such  aa  the  Lower  Mississippi,  ivM 
conditions  are  su  nnmerons  and  nustable.    Any  method  of  detemiiniuga  tnoanT 
aaiirinK  it  iu  a  grrat  nuniberH 
ledouble-fluatmelbod,  which  |l 
1  tbe  vertical,  cui  laj'  little  A- 
point.    It  is  balieved  thai  thefl 
1  Tiewed  from  a  praoiic»l  a" — 
(ermining  vertical  eiirvea, 
subject.     It  is  beliewd  thai  ll 
relative  velocities  iu  a  verliea 
If  BO,  no  method  can  be  relial 
,  small  part  of  the  vertical  acsl. 
scy  witli  which  a  velocity  at  M 
)st  method.     DnrioR  Ibe  obsM< 
am.  it  waa  my  dnty  for  sever^'fl 
D  of  the  floats.     It  gave  an  vtt 
water.     1  waa  led  to  believe  V 
icted  npon  by  almost  oppuaitvs! 
Irawn  to  right  or  left,  in  whiclHl_ 
nmersed.    Sometimes  it.  would  ineIl-_ 
,  .he  surface  float  had  a  powerful  ln£lf 


n  a  vertical  piano  must  tl 
tu  that  plane,  if  potfoct  ai 
tea  tneasuring  the  Telocit, 


The  eiperinwTita  made  i 
niduoni,  tXiniiah  additiouH 
show  material  variatiuiia  fr 
eepvcially  nberv  butlum  ch 
perfect,  aocimcv  that  lakei, .. 

{t)  Thrre  is  also  some  dou...  a 
ticular  depth  can  be  rueasnred  *^ 
made  at  1' llllou.Teun.,liy  Asar- 
to  gi*e  iwniooal  att<>ntion  '^ 
opportunity  for  obseniug 
times  tbe  snr&ce  and  sub 
At  timva  tbe  Mirface  float  ..^ 

tronlil  b«  coniiidorably  iueliiw..  . ^ 

backwnrd  or  forwan!.     In  eaoh  of  tlioue  c 


L>  frequently  uoticeable  iu  high  n 
the  Bubflnat  was  apuareutly  held  up.  tlie  aaau 

This  wii«  sllowu  by  tlie  fact  thiit  several  feet  of  wire  were  somemues  laKen  in  l>eion 
l.here  was  auy  appreciable  weight  of  the  subfloat.  By  an  oxaiuination  of  tbe  vertiell 
VBlocit>  ubwrvatimis  at  Puttou,  Tenn.,  it  will  be  found  that  in  the  sets  in  which  im 
or  iiiurc  duals  were  run  at  tbe  same  depth  the  velocities  dtll'er  from  1  tu  15  per  OMft 
Id  theiie  obBurvations  tbe  lioat  was  uuc  bored,  and  the  floats  all  started  mim  tb( 
same  noiut,  their  paths  varying  but  sliglilly  across  the  ranges.  The  Fulton  obaem- 
lious  have  been  selected,  iuusuiiich  an  they  are  probably  tbo  best  that  have  been  madi 
with  double  floats  on  the  Mississippi  River 

II.  Method  by  nid-floata.  Within  cert&in  limits  of  depth  tbe  vprlical  rod  is  writ 
adapted  to  meaBuriog  the  lueau  velocity  accurately,  tieiug  acted  upon  by  the  whoH 
body  of  water  in  a  vrrtical  plniie.     Where  the  lin.it  ran  l.f  rnu  of  snfficient  length  H 

made.     Where  ■! i .  ■  :    ■    -■  <-      I ■■::  ii  ■■-.     il.  .  ■  ■    -_■ r..:   r  In.  float 

path,  little  variiii  '  '  !<'  Mtme 

plane.  A  very  small  prr  ci'iit.  ot"  vaniitiim  whs  fmitid  in  (h.-  ulxitrMilmim  made  with 
the  i.tant  at  Grafton,  Hi.,  wIutc  six  riKls  of  the  same  l(-U(;tli  w,.ri-  run  from  each  Bta. 
tiou.     Ah  to  the  two  methods  of  locating  iiislrumeutally,  and  obtaining  the  length  oi 

Satb  bv  the  plaut,  uaeil  on  the  Upper  Mississippi,  the  latter  is  preferable  where  the 
e|it1i  dofH  nut  exceed  about  25  feet:  beyond  that  depth  there  is  dilficulty  in  ]iutling 
out  the  float  BO  as  to  acquire  Its  equilibrium  before  entering  upon  the  lueaaured  paltk 
A  rod-float  of  more  than  35  or  4(1  feet  in  length  can  not  be  handled  siiccesBfully. 
Hence  for  river  deptbii  greater  than  aliont  40  feel,  tbe  nielbml  lones  in  accuracy. 
The  same  objection  then  comes  in  that  has  been  presented  in  counectiou  with  donbls 
floats,  \\7,.,  that  only  a  part  of  the  vertical  velocity  section  is  lui'iisured. 

III.  Method  by  the  current  meter.  There  in  a  good  deal  of  room  for  improveirMit 
in  the  current  meter  for  effective  work  on  the  Lower  Mississippi.  Some  jniprovement 
baa  no  doubt  been  made  recently  in  this  direction.     My  experience  \n  conGnc<l  to  the 
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■'  met^.  The  chief  objeetion  to  the  method  as  used  by  me  reats  with  the  inHtra- 
:  jt«elf.  The  objection  pieaented  to  the  rod-float  and  the  doable-float  methods 
not  find  a  plaee  in  the  method  with  the  meter.  Ir.  is  posbible  to  obtain  resnlta 
1  depute  in  a  yeitical  plane  within  reasonable  limits.  The  only  question  tbat 
iiis  is  the  accuracy  witn  which  a  velocity  can  be  measnred  at  any  particular 
L  Under  certain  conditions'great  accuracy  may  be  attained  with  the  Ellis  meter. 
rJear  stream,  of  not  too  great  velocity  or  depth^  the  meter,  having  been  carefully 
ted  and  rated,  will  do  accurate  work,  and  will  continue  to  so  long  as  the  fric- 
vmaina  constant.  It  is  easily  handled,  with  suitable  plant,  and  can  be  relied 
Bat  in  such  a  stream  as  the  Mississippi,  at  high  water,  with  its  great  depth  and 
ty.  its  silt  and  floating  material,  the  instrument  is  entirely  unsuited  to  the  work, 
a  constant  friction  cannot  be  maintained  under  such  conditions  can  hardly  admit 
oubt  to  any  one  who  has  had  an  extended  experience.  There  is  nothing  to  pre- 
he  Jonmal-box  from  catching  fine  particles  of  sand,  that  not  only  increase  the 
m  at  the  time,  bnt  produce  a  constant  wearing  eflfect  that  results  in  a  penua- 
incre«te  of  firiction.  The  mercury  contact,  as  used  at  Columbus,  is  another 
i  of  Yariable  friction,  on  accoont  of  certain  parts  of  it  that  catch  the  sediment,  a 

binding  effect  being  the  result.  This  change  of  friction  can  be  detected  by 
le  the  instrument  in  the  wind  at  frequent  intervals  during  a  set  of  observations. 
elocity  of  wind  required  to  turn  the  wheel  will  be  found  to  vary  materially.  A 
igh  cleanaioff  will  often  remove  the  difiicultv  temporarily.  These  difl'ereuees  of 
m  are  not  to  i>e  found  in  the  ec^uations,  as  the  meter  was  always  rated  in  clear 
:  The  Ellis  meter  is  very  delicate,  and  is  subject  to  be  entirely  destroyed  by 
ig  loga.  From  my  experience  I  think  it  possible  to  construct  a  meter  that  will 
e  from  most  of  the  imperfections  mentioned. 

ire  is  a  eonsiderable  source  of  error  in  using  any  meter  without  anchoring.    This 

ecially  the  case  in  windy  weather,  when  it  is  impossible  to  avoid  lateral  move- 

The  rate  of  the  meter  is  increased  by  a  movement  in  either  direction  ;  hence 

is  no  way  of  compensation.  This  error  is  likely  to  be  considerable  with  a 
I  wind  and  alow  current.  For  instance,  a  movement  of  a  hundred  feet  would 
e  nnxeaaonable,  with  a  brisk  wind,  during  a  tivo-minute  observation.  That 
L  ooncapond  to  about  twent3*-five  revolutions  of  the  meter- wheel,  an  average  of 
BTolationa  per  minute.  If  the  meter  should  make  but  thirty  revolutions  per 
te,  not  an  unreasonable  supposition,  the  error  would  be  20  jier  cent.  Such  errors 
E  be  practically  avoided  by  locating  the  position  of  the  boat  as  frequently  as 
de,  and  correcting  the  velocities  accordingly.  The  error  from  this  source  dimin- 
as  the  velocity  increases. 

'c/atum*.— Of  the  three  methods,  the  double  float  is  considered  the  least  accurate, 
spable  of  producing  fair  results  in  a  stream  of  even  banks  and  bed.  In  a  clear 
21  of  limited  depth,  the  methods  by  rod-floats  and  meter  are,  perhaps,  equally 
ate ;  when  sediment  is  contained  in  any  considerable  quantity,  the  former  of 

is  preferable.  At  high- water  stages  un  the  Lower  MiHsiHitippi  none  of  the 
ods  can  be  relied  on  for  perfect  accuracy.  In  extreme  high  water  rod-floats  are 
(lered  preferable  to  the  Lllis  meter.  I  have  no  doubt  but  that  a  meter  may  be 
DStructed  and  manipulated  as  to  do  comparatively  accurate  work  at  all  Htii^es 
e  Lower  Mississippi. 

i^Mitw. — ^As  to  the  reliability,  the  method  by  rod-floats  seemH  to  have  the  ad- 
ige,  alihough  that  with  the  meter  may  be  equally  ^ood  within  limits.     From  the 
already*  presented,  the  double-float  method  iscousidered  very  unreliable  at  high- 
r  stages,  and  reliable  only  in  a  limite<l  degree  at  all  stages. 
»KO«ijr.~When  an  anchorage,  similar  to  that  employed  on  the  U})perMissisHi]ipi, 
Ml  used,  the  methods  by  rod-float  and  current-meter  are  ec|ua1Iy  expensive,  either 
wing  less  so  than  that  by  double  floath.     Free  rod-floats  and  double  floats,  located 
nmentally,  are  equally  expensive.    In  high  water,  when  the  use  of  a  launch  is 
isary,  the  method  by  meter  is  the  cheapest  method  of  all. 
I  suggestions  as  to  Improvements  will  he  ofiered. 
apeetf  ully  submitted. 

J.  H.  Davis, 
Assistant  Engineer. 
ni  Lieut.  Sxnn  S.  Leach, 

Seereiary  Mississippi  Biver  Commission, 


t 
3.— At  Helena,  Ark.,  F.  A.  Teaoer,  Assistant  in  Charge. 

HoTCHKiss,  Tenn.,  June  12,  1883. 

R:  In  reply  to  your  letter  containing  instructions  from  president  of  Commii»ion 
«ming  reports,  &c.,  of  difierent  methmls  of  ganging,  1  have  to  say  that  1  did  not 
k  ap  my  notes  at  Helena,  so  know  nothing  of  the  results.  During  the  latter  par* 
ly  stay  there  I  ran  rod-floats  and  the  meter  at  the  same  time. 


It  Helfos,  Ark.,  wan  u  rollnir*  : 
:ro»-wctioi)  paptr,  aod  their  are. 
bdML  )W  fe«i  TMtical.  per  sqoan  m 

H^  bting  piaeed  n  m  lo  rive,  aa  Eearlyw  po^ 
J  WM.  or  BO  lb«  Ih*  deplf  Bl  tbe  rdocitv  uodCl 

^WtbeputialBreia. 

■  ■«•  iMMlIf  fraud  St  a  depth  ooondenbly  lew  than  the  ta 

corrected  aod  radnced  by  FtaDois't  ft 

-[■-■</-'?-")] 

Tii'm  11  J,  r  =  obwerved  reloL-iry,  S  =  Hia(idiiig,  atidl 

If  fkbsd  a«  4nvct«d  in  the  field'nntni. 

tru  al  Uw  bigbnt  gauge  reading,  (7. 10  ftwi.  oi .. 

w  taken  ■*  dMum  area,  and  all  otbcm  obtaiiivd  by  sui 
eanudfllU 

WKi^rMiluip  takeaat  Ga.  m.,  13m.,  ai^6 
lC«ior  BeoTaord. 
*    idint;  water  ai«a  by  watrr  width. 

by  dJTJdiDg  datum  areas  bydaEam  width  (^  49.I0I 
wm>  aam  wction  ■onndings  in  nnlF-lmoks. 
whi«b  DO  measnrementa  were  made,  were  derived  fro* 
the  nivaaiiml  nidiba  lo  gaofv. 
diTidiag  discharge  bj  water  area. 

LDcanfilMc  **  are  nearly  al]  compated  on  crost-sectiona 
-    ■u>d  ft«  gaoge, 

•l»Mib»lilD(ed  from  other  dales;  especially  forpart 
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-At  HjLttF  Lahtoho,  Miss.,  Homxb  P.  Rims,  Absistant  in  Charok. 


—  Aiiatint  Ritier  haa  a  report  in  oonrse  of  pieparation,  bat  the  neoessity  for 
Ices  m  othar  bimnchaa  of  work  has  delayed  ita  completion.— S.  S.  L. 

DimAarge  ob»ervaHon$  Hayt?  Landing^  Mii$, 

ling  oat  the  aeeomiMUiying  blanks  for  this  station,  the  mean  ganee,  water 
our  and  filL  mean  Telocity,  discharge,  direction  of  wind  and  method  were 


fnm  M&  l^«  AssiBtant  H.  P.  Ritter. 
c/. 

«ratiire  of  the  air  is  the  mean  of  three  readings  taken  each  day  at  6  a.  m.,  12 

^  6  p.  m.    Copied  from  note-book  890.  • 

a  was  taken  at  a  gange  reading  of  38  feet  and  a  surface  width  of  2,770  feet. 

■  arm  for  this  gauge  and  width  was  obtained  from  the  water  area  of  March  15 

lying  the  increase  of  area  due  to  the  difference  in  gange  readings.    This  gives 

nm  area  169,015  square  feet. 

a  ana  for  January  2  was  next  obtained  by  adding  to  the  water  area  of  this 

e  area  obtained  by  multiplying  the  mean  of  datum  surface  width  and  surface 

if  Jannary  2,  by  the  difference  between  the  gauge  reading  on  January  2  and 

en  of  datom  phuie,  t.  e.,  38  feet. 

m  area,  as  thus  obtained,  for  January  2=158781. 

fsial  dmfiim  area*  were  obtained  by  the  successiye  addition  or  subtraction  of 

an  and  fills. 

I  itfik  was  obtained  by  dividing  the  water  area  by  the  water  width. 

t  iifmrn  daih  was  obtained  bv  dividing. the  datum  area  by  datum  width. 

sHos  d^ptt  was  copied  from  field  notes  No.  888,  and  is  the  deepest  actual  sound- 


for  January  2  was  obtained  by  taking  the  difference  between  the  gauge  read- 
Jaooary  1  at  12  m.  and  the  mean  gauge  for  Jannary  2. 

IT /all  between  any  other  two  consecutive  days  is  obtained  by  taking  the  differ- 
f  the  mean  gnage  readings  for  those  days. 

i       M=Meter. 

In  oohmin  headed  "method" <       R=Rod  floats. 

(  D.  F=Double  floats, 
mamar  of  computing  partial  areas,  the  manner  of  dividing  the  section  into 
sreaa,  and  of  distributing  velocities,  is  as  follows: 
neneing  at  the  diore  line,  the  notes  read  thus — 

+50 
Station.... ^2 

Ac, 
stations  marked  1, 2,  3,  Ac,  are  meter  st-ations,  while  at  the  other  stations 
ni^  only  were  taken.    The  first  partial  area  is  from  1  to  2+50,  the  velocity  for 
iraal  area  being  observed  at  2. 

ncond  partial  area  is  from  2+50  to  3+50,  the  velocity  for  this  partial  area  being 
edat3;  and  so  on. 


jNrNal  0rta$  were  computed  from  the  recorded  soundings. 

1  of  partial  area  =  total  area.    Partial  area  multiplied  by  its  velocity  =  partial 

I  of  partial  discharges  =  total  discharge. 

il  diseharga  divide  by  total  area  =  mean  velocity. 

r  sr  JUl  is  the  difference  between  the  water  area  as  observed,  and  that  as  com- 

from  the  ehaBge  of  gauge. 
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Oftice  MiSGieBiPFi  Brvui  Comiossiox, 

Saint  LMiM,  Mo.,  June  16,  l^ 
But :  I  have  tbe  honor  to  inform  too  tbst,  In  sccordance  with  your  tnstroct 
left  Saint  Lonia  with  my  putf  for  Bed  Biver  LmidiDg,  Looisiiuia,  on  Novenba 
16S1.     I  arrived  ax  my  deatiuation  nith  party  on  the  mbmiug  of  December  3,  1 
PrepaTHtiouH  were  ■itiin<>diKtel]r  made  fnr  beginning  the  diBcharge  work.     Eveiyt]  . 
elaeiras  Bucriliced  to  meet  this  GDd.asIdefitred  to  obtain  bh  large  a  range  of  diechaii 
meMuruments  atthiidifferentetagpa  of  the  river  as  possible.     Id  viewol  IhisobjecUJj 
the  elaboration  of  detaila  of  the  other  n-ork  wae  left  nntil  the  discharge  vork  IIT 
fntl;  inauf^iratcd.     Ou  duT  of  arrival,  anczhnustivereconnalssauee  waamade  tatlH 
pnrposeot  RelectingBiiitohle  diBcbarce  sections.    After  Boundirg  a  number  ofser 
a  eection  located  nbont  900  feet  belon  the  warebonBo  at  Red  River  Lnnding  n 
lecled  for  enngiiie  Ihe  UisitiHiippt.     The  f«eeii<jn  fur  ganging  the  Atcbafalava  it. ...,_ 
tfld  at  Merrick,  about  3,000  feet  from  bead  of  the  river.    The  HEction  in  Old  RiTOrg 
utnated  about  one  mile  trom  ila  jnnctiire  with  rbo  Missittaippi.    The  seclion  o    ~' 
River  is  situated  about  1}  miles  from  its  pu»<a|re  into  Old  River.     All  of  thefteae 


presest^d  the  usual 

moBt  among  which  wb 

eleraenta.    The  sectioi 

"Bmnetle  Bend,"  VI  mil 

Tegular  serial  work  covmi. 

•lasippi  daily  with  but  one 

fin'  work  in  the  bend.     "^ 

week,  and  daily  with  the 

rivers  daily  dnring  Ihe  oi 

Atchalalaya  wan  ganged  - 

with  the  work  mentioned 

deeGlaisea.     During  the  fl' 

The  bend  eection  waa  wi" 

given  the  purty  until  aot 

in  Old  River  as  utten  an 

to  Ihe  Mi»Bi»f>ippi.    The 

detail  work  ^iven  above, 

meters,  making  ezporln.Du»  ><>   . 

amoant  of  fleld-work  dooe  may  U.  u.>vuj  « 

discharge*    were    measured,   S3T    of    which 

78  on  the  Attibafalaya,  .1  on  Old  River,  1  on  Red  River,  and  1 


)f  a  good  disdiarge  section,  Iha  fi 
iiD  from  eddies  and  other  diatnrbls^ 
8  velocity  curve  work  was  located  S 

uganilaiaileaalMivcNowTexaa.  ^ 


being  tlio  day  allot 
Ui  ho  gauged  not  less  than  c 
Tlieiiarty  succeeded  in  ganging  b(. 
rivers  reached  tiie  ordinary  stage,  fl 
loght  to  be  safBeieat.  In  conneoiir 
ged  Red  and  Old  Rivera,  also  Boj 
ind  Bayou  des  Gtaises  were  cxamioL. 
itions  to  perform  bend  work  woi*  n 
i  Ibefiuld.  ObBen,-atiuu«  ivcro  MaM 
the  direction  of  flow  wiili  1 1  fiiini^ 
(ilelely  and  succeBsfnlly  not  only  Ini 
;  of  additional  work,  such  as  ral^H 
meter  with  other  plans,  Ac.  ^1 
iiimarized  as  follows:  A  total  of  3H 
tneaenred  on  the  MiaaisBti^l^ 
Bayon  den  GlaiiHl 


the  bend  aection  waa  workwJ  (i  times;  a  large  nnnilicr  of  vertical  cnrvea  of  velocity 
were  al«o  taken.  Tbo  ivork  of  eatablishmeut  liaviug  been  completnd,  the  regular  dis- 
charge work  was  bognn  on  December  13th,  I8dl,  and  continued  without  interruptiott 
&om  tliifl  date  until  the  close  of  the  work  in  November,  1^32.  The  work  during  lb* 
great  flood  woa  carried  on  under  the  most  a<l  verse  circumstances  imaginable.  The  air 
serving  stations  had  to  bo  built  above  the  water;  the  transit  station  was  built  in  wattf 
over  ten  feet  deep.  The  platforms  for  the  observers  at  Ihe  liniug-in  stations  were  bnltt 
in  trees.  By  working  Tii  this  manner,  tlie  party  continued  t  he  work  witbout  iutermptioii 
during  the  entiro  flooil,thnsBecHriua  a  complete  and  reliable  set  of  discharge  obsorv»i 
tions  which  will  In^ofiuestlmable  value,  as  they  cover  the  greatest  flood  discharge  ev« 
measnred  on  the  Misflissippi  River.  It  wos  the  intention  originally  to  do  all  the  veloO- 
ity  work  witli  the  meter,  but  the  late  arrival  of  the  aleam  launch,  and  some  unavoid- 
anlo  delays,  caosed  by  losing  aome  of  the  connecting  parts  of  the  meter,  made  it  neo< 
essary  t^  resort  to  float  methods  until  the  meter  could  be  employed  pennnnentlf. 
The  regular  plan  of  conducting  the  discharge  ivork  was  as  follows :  Tbo  cross-sectioD 
was  Grsl  sounded.  Every  sounding  was  located  by  an  angle  deflected  from  a  l.OtO- 
foot  baae-line  situated  at  right  angles  to  the  oroas-section  fine.  Between  00  and  100 
sonudings  were  taken  daily.  The  soundings  were  taken  fi'oiu  tbo  launeli,  the  launch 
running  ni>  above  the  section  line, then  drifting  back  to  take  the  sounding.  When 
alHive  tne  line,  the  recorder  ou  board  held  a  signal  flag  above  his  head  until  on  exact 
line,  when  it  was  dropped  quickly,  this  being  the  signal  for  the  tranpit-mun  on  shon 
to  take  the  angle  locating  the  aonnding.  On  every  tenth  sounding  a  rod  flag  wm 
raised,  as  a  check  on  the  work  of  shorn  and  launch  party.  The  tangent  of  ekcta  angle 
waa  worked  out  iia  it  was  taken,  thus  giving  the  distance  apart  of  tht>  soundings,  utd 
showing  at  ouio  nny  gaps  that  n  ight  eiist.  By  this  means,  errors  were  eliniinatei 
at  once  in  the  field.  This  system  of  sonnding  should  be  rcganied  ns  coDventional.  I 
can  conceive  of  no  other  plan  equal  to  it,  as  you  locate  eaen  sonnding  just  where  the 
leadsman  happens  to  cast  his  lend.  And  where  such  a  largenumbor  of  souudingaan 
taken  as  at  the  Red  River  Landing  station,  you  will  duriug  a  scries  of  days' work 
touch  nearly  allpointsof  tbe  section.    If  the  &ied  signal  system  were  employed,  joa 
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wkm^flj  the  Mme  ■tattJCPB  and  jon  know  nothing  of  the  changes  that  are  taking 
between  Them.    For  ■onnding  at  thia  station,  light  leads  and  lines  were  nsed  in 
»ee  to  t]|e  nmally  heavy  ones  employed. 

rdoeitj  work  with  floata  was  performed  in  the  following  manner :  The  floats 

imed  cvrer  a  100-foot  path ;  the  transit  of  float  over  the  ranges  inclosing  this  path 

leated  with  tranalt,  tne  baaee  6f  location  being  1,000  and  1,100  feet  for  upper  and 

laasra  zc«pectively.    At  the  section  lines  a  very  satisfactory  snbstitnte  for 

to  line  the  floats  was  used.,   It  consisted  of  fine  silk  tbreads,  weighted  with 

~ib  boba  and  suspended  from  the  apex  of  tripods  erected  over  the  lining  hubs 

!«tioiia.    These  threads  gave  a  line  I  consider  practically  us  good  as  that 

bj  tho  ems  baira  of  a  transit.    These  stations  were  establiBhrd  on  both  banks, 

•f  the  riTor  being  obaerved  from  each  bank ;  there  were  days,  however,  when 

~  era  waa  clear  enough  to  take  all  the  observations  from  one  bank.    At  each 

;-in  atatlona,  a  rude  stand  was  erected  for  holding  tbc  electric  key  and  re- 

aa  T'^ta  were  all  started  from  points  located  on  a  (>ci:tion  500  feet  above 

extremity  of  the  float  path.    Tnis  section  wob  divided  into  a  sufficiebt 

f  atationa  to  cover  all  the  velocities  between  the  banks ;  the  angles  corre- 

to  thrae  atattona  were  calculated,  so  that  to  start  the  float,  it  was  necessary 

mn  ont  this  aection  line  until  the  line  indicated  by  bienal  from  the  transit- 


«t 


"At 


At  thia  point  the  float  starter  would  launch  tbc  float ;  the  depth 
of  float  waa  alwaya  determined  from   soundings  taken  previously. 
were  alwaya  run  at  mid  depth.    Rods  were  run  as  close  to  the  bottom 
After  the  float  waa  launched,  the  boat  party  followed  the  float  over  the  path 
TCty  eloeely  ita  action;  if  anything  unnatural  was  visible,  tbe  float  was 
^lemlcd  until  a  visibly  satisfactory  observation  was  obtained.    To  avoid  con- 
a  iyatem  of  aiffnala  for  repeating  floats  was  adopted.    Whf  n  a  float  was  to  be 
~  mr  reaaona  mscovered  by  the  boat  party,  the  float  starter  indicated  tho  fact 
ft  flag.    "When  a  float  waa  to  be  repeated  for  reasons  discovered  by  the 
,  the  tranait-man  waved  a  flag.    The  transit  of  the  float  over  the  sections 
7  of  path  waa  algnaled  to  the  transit-man  by  telegraph,  by  the  observer 
fining  alationa,  the  observer  also  acting  as  time-keeper.    For  a  brief  time  when 
li  waa  at  its  haght,  the  locations  at  path  extremities  were  omitted,  and  a  float 
tf  100  feat  waa  aaanmed.    The  washing  away  of  the  telegraph  supports  necessi- 


nda  were  uaed,  a  apeeial  form  of  rod  had  to  be  devise<1,  as  at  the  deeper  por- 

^^'i  aaetiona,  the  weight  attached  to  rod  has  to  be  so  great  that  it  is  necessary 

the  attacbmenta  in  such  manner  that  the  weight  may  be  detached  before 

ring  the  rod.    If  auch  an  arrangement  is  not  made,  you  will,  in  a  mnjority  of 

fenak  your  rod.    If  you  attempt  to  make  your  rod  heavy  enough  to  prevent 

■liag^  TOO  will  flnd  it  will  be  too  cumbersome  to  handle  in  a  boat.    The  form  of 

■I4ifiiea  for  thia  work  was  the  same  as  that  shown  in  sketch  '*A.''    The  lower  ex- 

[iM^of  thia  rod  iamade  T-^l><^P^t  ^  &t  **R."   To  the  weight  '*  w  "  two  pan-nliaped 

rMdne  wriata  are  attached  at  re  .    These  strips  fit  closely  to  the  T  portion  of  the  rod, 

a  in  the  figure.    The  terminal  ends  spring  outward  at  c^  for  reasonn  that  will 

iMmflv  be  given.    A  string  passes  from  the  weight  at  **h"  to  tbo  top  of  the  rod. 

I  lUirtniig  ia  the  one  used  in  raising  the  weight.    The  email  ring  at  zz'  is  held  by  two 

W  Man  that  pass  from  thia  rinje  to  the  top  of  the  rod.    The  method  of  launching 

IMvithwawing  the  rod  is  as  fouows:  The  rod  is  taken  in  tow  by  the  t>k\ff.    The 

natation  having  been  reached,  the  weight  is  attached  by  simply  fitting  the 

|«ri|^  into  the  groove  at  "a"  and  turning  the  wrists  down  on  the  T  portion  of  the 

W  ■aUna;  them  fiast  by  springing  the  ring  over  the  spring  ends  as  at  gg'.    This  be- 

hgtaa^  tSe  rod  ia  lowered  gp'adnally  into  the  water  untiltbe  desired  immersion  is 

""^'^     After  the  obeervation  is  complete,  to  withdraw  the  rod,  it  will  be  pimply 

,  to  give  a  brisk  Jerk  on  the  ring  strings,  which  will  set  the  rod  free.    As  the 

■Ihhdd  by  party  in  the  boat  the  weight  pressing  downward  will  throw  back  the 

I  vrirtiwhich  are  hinged  at  fr^.    The  weight  having  t)een  detached,  you  will  find  that 

tend  will  shoot  rapidly  upward  and  lie  flat  on  the  water  surface,  before  the  load 

*ii|^  can  be  drawn  to  the  surface.    While  one  of  the  boat  crew  is  raising  this  weight, 

teslher  members  of  the  crew  will  have  taken  the  float  in  tow  and  reached  the  next 

^liM,  without  loaa  of  time,  breakage,  or  any  inconvenience  whatever.    So  it  is  seen 

te handling  of  thia  type  of  float  is  reduced  simply  to  a  minimum  as  to  time. 

The  work  with  the  meter  waa  all  conducted  from  the  catamaran.  The  location  was 
las  by  intcnecting  aignals  established  on  the  bank.  This  system  of  location  was 
iwailaled  by  raaaon  of  the  entire  force  having  duties  on  the  river.  The  plan  of 
*iiUng  was  aa  follows:  The  catamaran  was  lashed  to  the  launch  in  such  a  manner 
ttitidia  aunending  wire  holding  the  meter,  the  throttle  valve  of  engine  and  the  en- 
jhy  wonla  all  be  in  plane  of  uie  section  when  on  lino ;  the  pilot  taking  such  a 
Min  with  reference  to  the  intersecting  signals  as  to  bring  the  meter  exactly  on 
w  itatloD.  Thia  plan  enabled  the  pilot  and  engineer  to  keep  the  plant  in  perfect 
HBflon  without  any  appiadabla  vanation.    The  greater  number  of  the  discharge 
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Telocity  obRervatioDS  were  takcu  by  holding  the  plant  np  against  the  comot.  It  «a 
found  by  roaking  a  large  uumberof  experiments  with  plant  anchored,  that  theroMM 
taken  with  tho  plant  free  or  anchored  did  not  differ.    £xi)erimcntfl  were  made  Al 


_  wool 

take  to  withdraw  and  cast  large  anchors,  the  continued  presence  of  passine  \Mk 
and  the  vast  fields  of  drift  that  are  present  in  the  river  continually  at  flooditigH 
necc8sitat(>d  the  adoption  of  this  plan. 

In  taking  vertical  velocity-curve  observations,  the  plant  was  always  anebani 
The  meter  was  worked  from  the  stem  of  the  catamaran.  The  connection  and  gOMH 
arrangement  of  the  apparatus  was  as  follows:  Tlie  suspending  and  ^ny-wiresmi 
attached  to  two  motlel  cog-reels  which  were  attached  to  the  platform,  in  the  bow  an 
stem  respectively.  The  suspending  wire  x^a^Bcd  from  the  stern-reel  over  to  an  in 
sheave  held  by  a  pulley  stanchion  that  projected  about  4  feet  upwards  from  endoftt 
stem ;  this  stanchion  leaned  outward  far  enough  to  let  the  meter  weight  dear  A 
platform.  The  wire  passed  from  this  sheave  to  the  loo]>-clasp  of  tho  meter-wc^ 
pipe.  The  guy- wire  pass(^d  from  tho  stern-reel  to  a  wooden  sheave  held  by  a  pi^Uf 
block  in  the  loiig  beam  that  projected  from  the  center  of  the  platform  outward  betWMi 
the  l>ows  of  the  catamaran.  This  beam  was  abont  20  feet  long,  and  was  made  a^QwIi 
ble,  as  its  length  depends  on  depth  of  immersion  of  the  meter.  Its  length  withnfti 
ence  to  the  hy])otenusc^  and  altitude  of  tho  triangle,  of  which  it  forms  the  base,  BM 
be  such  as  will  keep  the  suspending  wire  vertical.  The  guy-wire  passes  fiom  tU 
sheave  to  a  small  clamp  that  is  attached  to  a  cylinder  of  brass  I  inch  longt  *Ui^ 
works  u]>  and  down  on  the  pipe  of  meter  weicht.  This  little  cylinder  has  a  c1aB| 
screw  for  adjusting  it  to  the  pipe  at  any  desired  heights  The  arrangements  desaito 
above  will  without  doubt  keep  apparatus  ])eq)endicular  to  the  section.  lu  thisoH 
nection  I  would  say  that  were  it  possible  to  use  a  rigidly  fixed  pipe  for  holdingtt 
meter  it  would,  I  think,  bo  preferable.  But  wo  know  on  tho  Lower  Mississippi  at  M 
tain  stages  this  would  be  impossible,  on  account  of  Immense  quantities  ofsabiiMi|i 
drift  that  will  bo  mot  with  continually. 

In  AnnaliS  dc8  ronta  vt  ChaMna^ca^  by  M.  Dc  La  Greve,  a  very  good  form  of  pipe  irf 
tachmeut  is  described.  I  give  a  sketrh  of  this  in  figure  "B."  It  consists  of  a  pMcei 
Kas-pipe  of  desired  length  with  a  small  longitudinm  section  rerooTcd,  as  shown  faitt 
borizontal  section,  figure  **  a."  The  meter  slides  down  this  pipe  and  is  keptfromtvn 
ing  by  the  projection  ate.  Though  the  device  is  a  good  one,  yet  the  guy  plan,  whl 
worked  carefully,  is  the  more  satisfactory  and  is  always  practicable.  Tne  biMtf 
connections  were  first  made  through  the  reels  direct  ;*^ but  it  was  found  adviiall 
afterwards  to  use  two  small  insulated  wires  for  conducting  the  electric  comnli 
These  wires  served  also  as  safety  wirrs,  as  the  suspending  wire  often  broke.  In  Ma 
cases  tho  conducting  wires  would  hold  the  meter.  The  guy  would  iirevent  loss  «■ 
these  wires  missing,  but  it  would  not  prevent  the  injury  that  would  be  done  by  will 
drawing  it  with  the  guy-wire.  The  battery  connections  were  centralized  in  Ma 
manner  that  but  two  simi>le  eoniiections  on'  the  meter  completed  the  circuit.  II 
battery  and  register-cases  were  eombiued  and  attached  by  angle-wires  to  the  Mi 
maran  in  such  manner  as  to  ]>revent  loss.  The  stem  reel  was  graduated  and  oai 
neoted  with  an  index  pointer  in  sueh  manner  that  depths  of  less  than  one-tenth  if 
foot  could  be  read  otf. 

The  meter  weight  consisted  of  a  lead  cylinder  weighing  about  60  ponnds.  Th 
cylinder  was  about  10  inches  long  and  aboiit  4^  inches  in  diameter.  A  piece  of  f-faii 
gae-pipe  passed  through  the  cylinder.  This  pipe  was  about  IC  inches  long.  TS 
meter  was  attached  to  this  pijic.  Tlu?  top  of  tho  pipe  t«rininat4:d  in  a  screw-tap  tm 
taining  the  suspending  wire  clamp.  A  small  brass  cylinder  containing  the  gay-vl 
okunp  was  attached  to  this  pipe  also. 

The  furniture  of  the  catamaran  consisted  of  a  small  skiff,  a  large  sweep  oar,  ah* 
pikepole,  an  ax,  and  set  of  signal  flags.    Life  preservers  for  tho  party  weiealM 
board.    This  outfit,  and  careful  training  of  tho  party,  prevented  losses  or  accidentM 
any  kind  during  tho  year,  which  was  one  of  tho  most  trying  ones  that  in  all  pifl* 
biUty  will  over  he  encountered  by  parties  on  work  of  this  character. 

The  velocity  work  done  with  d'ouhlo  floats,  rod- floats,  and  the  meter  was  refineS 
every  detail  possible,  as  the  iiect^ssity  of  employing  three  methods  made  it  absolofc 
necessary  to  secure  as  nearly  perfect  results  as  possible,  in  order  to  mako  a  compaifti 
of  the  methods,  and  to  mako  tho  discharge  work  in  general  satisfactory.  TheS 
reductions  and  tho  curves  of  velocity,  area,  and  discharge  deduced  attest  fully 
accnracy  of  the  work  in  detail. 

The  cause  of  not  using  the  meter  i^xclnsively  was  due  to  tho  non-arrival  of 
laonch  and  the  loss  of  one  of  the  connecting  partn  of  the  meter.     Work  with. 
meter  was  a  perfect  success  from  the  start.     After  the  equipment  for  making  n 
WM  received  from  Saint  Louis,  not  a  single  observation  was  taken  by  any  other 
^«ld6  from  this,  I  think  the  partial  use  of  floats  fortunato,  as  it  will  admit  of  a 
Miifon  of  the  methods  and  under  favorable  ciroumstances. 
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the  vegnlar  aeriAl  work  done  by  the  partjTi  an  exhaustive  exa  an*  nation  of 
grand  eot-raT  near  Black  Hawk  was  made  daring  the  flood.    No  flow  throagh 
cnt-off  was  manifest.    In  Bed  Biver,  from  the  month  of  the  bayou  cut-ofi"  down 
flpsnish  Foity  the  eaneot  was  very  feeble  durins  the  flood.    An  examination  was 
~«  of  the  Bayon  des  Glioses  uom  the  month  to  Hamburg,  La.    A  discharge 
taken  tb rough  a  section  about  ^  mile  above  the  mouth  of  this  bayou. 
notes  were  kept  written  up  daily.    The  calcnhitions  were  kept  up  daily,  aod  a 
rgb  aheot  transmitted  weealy  np  to  August  17, 1882.    After  that  date  no  conipu- 
conld  be  made»as  my  assistant,  Mr.  John  C.  Cammack.  left  the  parly,  he  having 
Dd  official  orders  to  report  in  Saint  Louis. 
A  daily  log  was  kept»  also  a  daily  summary.    The  latter  book  contained  the  gauge 
~        tempexatnres  of  the  air  and  water,  direction  and  force  of  tho  wind,  dates  of 
wmO^  fogSy  and  <»ther  marked  features  of  the  weather :  also  a  complete  record 
kind  ana  amount  of  work  done  daily,  the  condition  of  the  data,  &c. 

work  on  tho  nver  was  impossible,  the  boat  party  were  engaged  in  tho  shop, 
snch  articles  as  were  required  on  the  work,  making  repairs  on  the  appa- 


^  laandi  was  kept  in  complete  repair  and  improved  considerably  by  tho  party. 
Stability  of  the  launch  and  its  excellent  running  power  were  fully  established  by 
aeellent  condition  it  was  in  at  the  close  of  the  work,  after  having  been  used  se- 
tar  over  a  year.  For  work  of  this  character  launches  of  this  t  vpehave  no  equiJ. 
ilta  of  the  daily  dischaige  observatious  are  given  so  fully  in  the  tables  of 
I  and  curve  charts  impended  to  this  report,  that  a  discussion  of  them  here 


work  was  inspected  by  you  in  i>erson  on  January  25  and  26, 1882,  and  again  on 
23,  lc368.    The  meter  work  in  actual  operation  on  tho  river,  the  plant,  and 
I  the  auxiliary  apparatus  were  inspected  on  l^'ovember  23,  lb82,  by  General  11.  Q. 
Chief  of  Engineers,  United  States  Army,  General  C.  B.  Comstock,  president 
H  Biver  Commission,  Maj-  Amos  Sticknoy,  M^j.  Chas.  B.  Suter,  United  States 
j.  B.  If.  Harrod,  Prof.  Henry  Mitchell,  and  Judge  B.  C.  Taylor. 
work  of  the  p^y  at  Bed  Biver  Landing  closed  on  November  2G,  1882,  orders 
been  receiveid  on  that  date  to  close  the  work  and  proceed  with  party  to  the 
Cur6  crevasse.    The  note-books  and  field  supplies  no  longer  required  were 
to  the  steamer  Mississijipi  on  November  26,  18^.    All  uie  calculations  of 
_     rork  for  both  the  Mississippi  and  Atchafalaya;  charts  showing  deduced 
of  Telocity,  discharge,  and  area ;  a  map  showing  relative  position  ot  cross-sec- 
i;  a  map  of  transverse  velocity  curves  taken  in  bend ;  a  map  showing  contour  of 
Jbad  at  all  of  the  sections,  are  all  appended  to  this  report. 

I  closing  this  part  of  my  report  1  desire  to  acknowledge  the  valuable  assistance 
'  by  my  assistant,  Mr.  John  C.  Cammack ;  the  cheerful,  prompt,  and  accurate 
in  which  he  performed  his  arduous  duties  during  tho  most  tr^'in^  times  of 
ttignat  flood,  and  at  all  times  while  with  my  party,  is  worthy  of  praise  which  words 
VB  ssi  meager  to  express. 
Ike  chances  and  action  of  the  river  in  the  vicinity  of  Bed  Biver  Landing,  and  some 
KganHng  the  flood  height  of  1882  and  previous  years,  and  other  personal  obser- 
~  I  oaring  the  year,  will  doubtless  be  of  interest  in  connection  with  tho  above 
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Tbe  weather  during  the  year  was  variable.    It  rained  on  143  days;  fogs  prevailed 

foiodically  from  January  5  to  June  13.    The  minimum  temperature  of  tho  air  for  the 

■fKsrwasS^  fon  January  30).    The  maximum  temperature  of  tho  air  was  98^  (on 

ii|Sit  17).    The  minimum  temperature  of  the  water  was  44°  (on  January  30);  the 

Buisram  temperature  of  the  water  was  84°  (on  June  30,  July  1  to  6,  Auffiist  17  to  31). 

Ike  temperatures  of  the  water  were  taken  at  points  of  tbe  section  from  bank  to  bank, 
Md  SI  near  mid-depth  as  possible.  These  temperatures  were  valuable  during  the 
iMi.  The  arrival  of  flood  water  from  the  Tensas  rccion  was  shown  by  the  tempera- 
toicf  tbe  Atchafalaya  during  the  flood.  On  tbe  day  preceding  the' arrival  on  tbe 
AiAifalaya  of  the  flood  water  referred  to,  the  temperatures  of  the  Mississippi  and 
Akfcrfalsya  were  the  same,  which  might  be  expected,  as  the  Mississippi  was  discharge 
i^s portion  of  its  waters  into  the  Atchafalaya  via  Old  Biver.  On  the  day  of  the 
■nrslof  additional  flood  water  on  the  Atchafalaya  tho  temperature  of  tho  Atchafalaya 
MKisTSfml  de^^rees,  thus  indicating  the  source  of  the  additional  volume  of  water 
pMDl  in  the  nver. 

Ths  river  was  rising  on  December  3, 1861,  the  day  of  tho  arrival  of  party  at  Bed 
few  Landing,  and  continued  rising  until  December  6,  when  it  began  falling.  It  fell 
■til  December  27,  on  which  date  it  oegan  rising,  and  continued  until  March  27, 1882, 
■  vhich  date  it  reached  its  maximum  stage  not  only  for  the  year,  but  the  highest 
**«  known.  The  gauge  at  12.30  o'clock  on  that  day  n^ad  48.(>3  feet  above  tho  low  water 
Ml  of  187S,  which  is  the  zero  of  the  gauge.  This  zero  is  2.4  feet  al>ove  sea  level. 
pkienarkAble  stage  of  the  river  was  1.53  feet  above  high- water  mark  of  1874,  and 
Ulfiwt  abore  high-water  mark  of  1867.    The  high-water  marks  of  the  years  1867^ 


2fi40      REPORT   OF   THE   CHIEF   OF  ENGINEERS,  U.  S.  ARlfT. 

1874,  and  1882  are  46.27,  47.05,  and  4d.53  reepeetirely.  It  will  be  seen  tnm  tM 
figures  that  the  flood  intervals  from  1867  to  1882  are  7  and  8  years,  respeotiyel j ;  tti 
rise  of  the  flood  surface  for  these  periods,  0.78  and  1.48  feet. 

The  general  character  of  the  Old  River  water-way,  and  the  eifeota  of  the  periodb 
flow  inward  aod  outward,  will  doubtless  be  of  interest  here.  The  period  of  Qhiii|i 
of  flow  is  generally  3  days.  The  first  sign  manifest  is  a  marked  checking  of  the  ev- 
rent  in  Old  River,  and  a  more  marked  degree  of  olearnesa  in  the  water.  These  ehai^ 
are  very  easily  noticed  on  the  first  dav.  On  the  second  day  the  current  nearly  bsmml 
On  the  third,  the  change  of  flow  is  lonnd  to  have  taken  place;  the  cnrrent  will bt 
found  as  swift  as  usual,  and  the  water  will  have  the  usual  mud  color.  The  dtreetioa 
of  flow  is,  of  course,  governed  by  the  relative  stages  of  the  Mississippi  and  the  it- 
chafalaya,  the  Red  River,  of  course,  governing  the  Atchafolaya.  The  cnrmit  li 
swifter  when  the  flow  is  outward.  The  general  effects  of  an  inward  flow  ate  mora  ii- 
jnrious  to  the  Old  River  water-way  than  an  ontwaid  flow  is,  and  for  this  reason, thil 
when  the  flow  is  inward,  the  cnrrent  is  greatly  diminished  and  the  i»ercentage  if 
sediment  in  the  water  is  visibly  greater. 

These  two  ruling  elements,  which  under  the  circnmstancea  act  in  nniaon,  eauB  • 
more  rapid  fill,  while  the  checking  of  the  current  diminishes  the  sconring  tllatahi^ 
acterizes  an  outward  flow. 

Tnmbull  Island  is  also  an  obstacle  to  the  flow  through  Old  River,  and  at  tmi 
stages  it  forms  the  basis  of  marked  fills  all  the  way  around  the  island.    It  is  inlM 
the  nucleus  of  all  the  sand-bars  in  the  vicinity.    The  effects  of  an  ontwaid  flow  m 
more  beneficial  to  navigation  than  an  inward  flow,  though  at  certain  points,  whUi 
will  be  described  presently,  it  has  a  damaging  effect.    It  is  in  general  more  hiwidWil' 
as  the  current  is  moie  rapid,  and  the  percentage  of  sediment  in  the  water  is  OM 
smaller,  as  Red  River  water  has,  I  think,  a  smskller  percentage  of  eedimeni  than  Ifl^ 
sissippi  water.    The  deep-red  color  of  the  former  is  due  to  matter  held  in  salalta 
rather  than  that  held  in  subpension.    These  are  the  thin^  which  make  an  ontmA 
flow  favorable  to  navigation.    The  shoal  places  in  Old  River  are  three  in  nnmbw,  ni 
are  situated  as  follows :  At  Barbre's  crossing,  in  vieinity  of  Ash  Cabin  Bend,  m  ik 
the  Mississippi  mouth  of  Old  River.    The  causes  that  have  produced  this  shiMliwI 
consider  to  nave  been  as  follows:  At  the  Barbre  crossing  the  shoaling  is  dnete  w^ 
checking  of  the  current  of  Red  River  as  it  sweeps  around  the  bend  where  it  imM 
Old  River.    In  turning  this  bend,  it  loses  a  great  part  of  its  velocity,  which  it  esoirt 
possibly  recover  until  it  gets  some  distance  beyond  Barbre's  crossing.    The  efibetff 
this  is  the  piling  up  of  the  sediment  which  the  river  has  nnshed  to  this  point,  aai 
which  the  loss  of  velocity  prevents  from  being  carried  farther.    The  deposit  firom  tbi 
water  itself  is  also  augmented,  owing  to  the  slackening  up  of  the  cnrrent.    The  flov 
eitht  r  way  from  Old  River  causes  a  nil  at  this  crossing,  and  for  this  reason,  that  whn 
the  flow  is  outward  the  current  is  checked  in  the  Red  River  bend  as  before:  wIm 
the  flow  is  inward  the  current  is  checked  near  the  turn  at  the  Ash  Cabin;  and  wbei 
it  gets  to  Barbre's  crossing,  it  encounters  Red  River,  which  is  moving  nearly  at  ligM 
angles  to  it.    So  it  is  seen  both  streams  meet  at  this  point  in  a  somewhat  exhanM 
condition.    Their  forces  are  so  nearly  equal  that  equilibrium  is  nearly  prodoeed, 
which  action,  as  is  obvious,  causes  the  fill  or  shoalin||f  referred  to. 

The  equalization  of  the  forces  of  the  water  at  this  point  is  verified  by  the  wdh 
defined  color  line  that  is  always  seen  at  this  point.  The  shoaling  near  the  Ash  CsUi 
is  due  to  the  decrease  of  velocity  caused  by  Old  River  encountering  the  bends  it  meed 
before  it  reaches  this  point.  The  fill  is  greater  at  this  point  when  the  current  is  ii- 
ward,  as  the  arm  of  the  bend  with  reference  to  an  inward  flow  is  more  abmpt  Thi 
shoaling  at  the  mouth  is  due  wholly  to  an  inward  flow.  The  large  volume  of  Ijl^ 
sissippi  water  that  sweeps  around  the  turn  at  Carr's  Point  curries  with  it  a  ^**^^ 
nme  of  sediment,  which  it  leaves  at  the  shoal  section  referred  to  for  want  of  safr 
cient  velocity  to  carry  it  farther.  The  loss  of  velocity  in  this  case  is  much  gwj^ 
than  in  any  of  the  others  mentioned  ;  the  fill  is  in  consequence  mnch  greater.  Tm 
steamboat  channel  at  entrance  of  Old  River  attests  the  great  force  and  action  of  tM 
water  as  it  sweeps  around  this  point.  This  channel,  just  before  yon  enter  Old  Ri^ 
is  nearly  at  right  angles  to  the  Old  River  Channel.  On  both  sides  of  it,  iuiiiMOls 
sand  reefs  exist.    This  channel  resembles  a  canal  more  than  it  does  a  natural  pMMfa 

This  channel  is  due  to  the  action  of  the  maximimi  thread  of  the  cnrrent,  whict 
sweeps  around  the  point  at  the  month  with  a  tremendous  force  and  passes  the  moiitt 
without  entering.  It  is  this  portion  of  the  current  that  produces  the  channel  attbi 
entrance  of  Old  River.  This  point  of  Old  River  is  benefited  materially  by  anort- 
ward  flow,  as  the  volume  of  water  coming  out  scours  more  rapidly.  The  outwtfj 
volume  pushes  the  Mississippi  water  as  it  rounds  Carr's  Point  farther  toward  the  l™ 
bank;  i.  «.,  it  has  that  tendency.  This  action  causes  the  bar  at  the  point  of  Oii 
River  (the  nucleus  of  which  is  Cnrr's  Point)  to  make  rapidly  down  stream.  Itsnuki 
is  due  wholly  to  the  meeting  of  the  two  rivers  at  this  point  when  the  flow  is  outvifL 
By  meeting  they  lose  a  large  percentage  of  their  velocity,  and  thus  increase  the  sedi- 
meDtwy  deposit  at  this  point.    This  bar  made  about  300  feet  down  stream  last  yttt» 
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the  flow  eontfame  ontwazd  ttom  Old  Biver  without  changiuKi  and  low  stages 
[teiiTcr  predominate  for  may  great  length  of  time,  this  bar  wonldeventaally  work 
fewaj  down  stream  and  eonneet  with  the  main  bank  of  the  Mississippi  below  Tor- 


,  and  thus  cloae  np  Old  BiTer  at  low  water  entirely.  This  section  of  the  coantiy, 
mam  eapedally  tnat  within  a  radius  of  10  miles  from  the  center  of  Tumbnlrs 
^i,  is  a  Teiy  interesting  one,  and  is  a  wide  field  for  inTestieation  at  the  present 
Hit  no  doohi  contains  the  unknown  quantities  that  make  the  problem  of  the 
ji  of  tlie  MissiaBipni  channel  at  the  present  time  a  vague  uncertamty. 
fctiiiifiiliy  snbmitted. 

John  Ewkns, 

Atnatani  Enginttr, 
ItatUeat.  Smith  8.  Lxaoh. 

Swrrtsrjr  Jfisfift^ppi  Aeer  ComMUitiom, 

Dimikatge  o&ierraMoR«|  Bed  lUver  La$idimg,  La. 

ktUi  tabulation  the  gauge  readings,  water  area,  maximum  depth,  width,  mean 
',  diseharge,  direction  and  force  of  wind,  temperature  of  air  and  water,  and 
.  were  copied  from  note-books  Nos.  831-635,  839-844,  854. 
sr  iall  between  any  two  days  was  obtained  by  taking  the  difference  between 
readfngs  on  those  days, 
or  fill  between  any  two  days  was  obtained  thus:  Take  the  difference  be- 
ths  water  area  on  the  first  day,  counted  for  rise  or  fall  for  the  time  considered, 
ater  area  of  the  second  dav.    If  the  area  of  the  second  day  is  the  larger,  the 
is  scour ;  and  if  the  smaller,  this  difference  is  fill, 
vas  taken  at  a  gauge  reading  of  48.5  feet,  and  surface  width  of  3,918  feet, 

area  is  the  water  area  of  March  27  and  =  234,480  souare  feet. 

it  datum  areas  were  obtained  by  successively  adaing  and  subtracting  the 
aod  fills. 

between  December  14  and  March  27, 1882,  were  obtained  by  working 

:ImI  ■■III  finwn  March  g7. 

depth  was  obtained  by  dividinff  the  water  area  by  the  water  width. 
dalmn  depth  was  obtained  by  diTiding  datum  area  by  datum  width. 
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2660      BEPOBT  OP  THE  CHIKP  OP  ESGINEEE8.  U.  8,  AHHT. 
6^Ai  Wracwi.  Mxxx..  JoKs  Ewkkb.  Assistast  ds  Charoe. 

(Son.— RmKi  m  Vtfut  at  CasBi^kiB  br  ]iB£  ])■(»  IST.i 

Or» 

^«;  I  hBTfi  the  honoi  to  inform  joa  UiM  in  accordance  wtth  jour  iuflmelio 
wcwlTnd  Id  ScpMmtiei,  1660.  I  proceeded  to  Wshaaha,  Winn.,  where  I  eoa^ 
orswiltatlon  orpttrty  and  mode  immediate prepBialionstccanyoDt  your inslxaolia 
AAer  *,  eareflil  oxwnin&tioD  of  tbe  bipognplij  of  llie  country  in  the  viciuiw 
IWkbaahik  I  fbnikd  tbat  a  fonuiilsble  outlet  known  ae  "  Beef  Sloofth."  situstiid  h| 
4)litaiiL-e  back  from  the  left  liank,  would  makf  the  locality  a  Ter;  uadanrabU  ooaj 
the  work  uf  ganniiiiKt  which  Urat  of  all  for  its  snccess  r^nirvs  the  absence  of  aadd 
Surreya  Mid  ■EClioii»t  Bounding  of  the  river  at  Ihi«  point  were  «eut  lo  Sniitt  Lm 
for  exunination.  In  a  very  brief  time  sfterwanl  onleia  were  rvceivi>d  fur  tbe  M 
lo  remoVB  tn  Wlnoiia,  47  miles  below.  ExaminaT.ioDa  siinilar  lu  those  msdu at^ 
haaha  wrm  niado  at  Winona,  aad  at  the  town  of  Homer,  about  4  miles  boiair,  ': 
Iwp  BBubcr  of  wotlonA  were  Boonded  At  both  nf  the  places  mentioned,  aoiiaM 
UMi  lot  di*Blu«K*  Bkoasnrement  eelecteil  5t  both.  Tbe  Winona  wction  nmi  attain 
w>-m.\  H  nita  twlow  the  ChlfSRo  and  Northweot^m  Bailroad  brid^  TJiis  »p<itH 
«3>  MMCtcd  on  aroount  of  the  banks  Iving  higher  than  elsewhere  iu  ihe  rlciniQ 
aai  iiBiM  III  the  abufncv  of  eddies  and  other  diEturbiug  eiementH  that  detract  fni 
tW  ■WWKT  ^  liiscliarce  wnrk.  The  Winonn  xc^tiou,  though  the  best  '-  '-  '"*' 
-    lhB«kteft.i  "  "' — ' ■ -.  -    '     ■^-■^-       -■ 


piwnleii  inanydJaadTantagea  which  no  doubt  havn  their  inlliienei 

wbetv  irllnfimeDt  is  no  dealrable.    The  luoat  tirouuD"Dtklii 

of  latVH  numbers  of  immenao  rafls  which  sJdrted  the  li 


v^^  af  tUo  ckanK^<<*.  wbetv  irllnfimeDt  is  no  dealrable.    The  luoat  proiaiu' 
%^g^  «^  1^  BiHOBC*  of  latVH  numbers  of  immenao  rafls  which  sJdrt   ' 
^^g^  1^  aOB  kten  and  be^w  the  diacharge  xectioii,  extending  for 
^^  ^  1^  liMC     1^  eBeul  nf  anoh  obstructions  on  the  velocity  and  ehudj 
-  ~    ~  *  '  ~a  lliat  ■  deacrii'lino  hure  of  their  effect  is  unuecessary.    lu  mul 

oence  of  lliceo  rafle  I  tboagbt  for  a  time  that  the  Haiafl 
»,  but  fouuil  that  at  high  water  tbe  discharge  would  1»n 

Mitel  M  by  tbe  river  abowe  this  sef  lion.    8o,  inTiewofd 

■^■rM«ik*lM^«MiMU>'decid'MloD.  . 

^^  aaBaaHl ^  ifeo  akaMM  a(  mppliee,  work  with  the  electric  plant  dtsifawH 
^^^^u ^^  1^ tt^mK^fA Wdil  tM  tpriog  of  18)<1.  fiod-floata  were employ^V 
^S^^M^ia*HiMa  ^mB  tbt  chsing  of  tbe  river,  which  took  place  on  NcvmM 
^^^9  A^v  lb*  cIhiw  a(  tW  riTor  preparatioDs  were  begun  immedlatelT  fl 
■**T^    ?r^  Qj  Vj  -c-  Kf  wllh  Ibe  «aler-met.r.    The  severity  of  the  «u« 

T^^  *»w-  .-«r^."."t  ??i!*!T^';,r„:f,'!r',''iT  ZmJ'errh^^dTfficuiSS 

I     .■■.-■.  .1  i>f  an  olilong  atnifliirp,  ImJ 

-,„.*-    .  ^  ",'""" "'jT '.^".3,   ,-  sV  -unv  !■>  ■■ liK't  Ibe  work  in.    Tliid  lioLuwwli 

,  >.-..i  ' '^  ',T,^s/;  ^.T.r*7^«r-:.h '^etf  .!;iil  "ilhBteel;  »wiiidow,.iilh«(w«l 
.  ,Ni.^  p.-.  •!  j^  ^^  ^ -^^  -,;t<  »  ".  :i*  '^chi  nqnir.d.  A  traji-door  with  s  [inrta'ih 
tv  -  ".^  '-^  ^^^  ^-^  ^^  _^  ^^^^  j_^^  Umrrins  taA  Taiaing  tbe  meter.  W 
,  ,^  .,  ■  »■  11^  .  ^,,jpj^f;  »3f,ifo:r<t\iiding  and  liolding  the  register,  a  Btow, 
,,  ...  i.-f  -  ^-^  ™  «,-f^"j,r-«*ii>T>«"pring  and  raising  Ihe  meter  nod  inl* 
.-,,  .vo.vi.  .       ,  "^  ,i  ,j|jj|s*C(.>w»:  The  stations  having  li«n  pirvLMsl] 

-  ""'    "'*  '   ^  ...'^  ,-j,  ,-'[   -.1  5l»  .•-•«al*a(h*tali<m.lhe  eenterof  Ihebolelwini 

.  ■■■'-■  ■  *■.■■'■  ■  ■■_■  .  ,v,'«.jJ-..-a-l.i^'-  Ar-iih.  the.enterof  whiehwastheMctiM 
.>,  ...  ,.,.  .^k.  \^;^  ,",1^  c»TtT.%f  tbf  tnniirr*  of  Ihe  sled.  w:is  then  M 
.,  :,  ...  '  -'■■^.^  ;\ -j^  ^,,.^_^-,^j„;,,  jy^otm  thework,  it  wasaimplyaeW 
*■■-  -  ;  '  '  >.^~i  ..-fT  iV  ■■■t*Tii..  ^*:*  '-*'  irap-doiir,  and  insert  the  trapc* 
„,  .-  .-T  V'  _^._,'  .^  ,^,  _,^.-,-^]j.-,v;„  Tb*  trapi-asing  proved  to  be  «o« 
■'^  ""■''" '  ^''v'-ai*  '  ll  n.-Tsfioc  :>K  a:r  i-i>nirletelj-,  and  formed  a  woode 
..-)...  !•_  >.-■  -■>  .!*-•-  -^  ^^  ^_^  _.^^  ■-cirriJe  tew  adniirablv  the  house  pli 
-"■^-  "'."■"■ .  *;;■  [i^,  V;- n7 :.:  »ti:*  liJ-i  '«  ?»--i7  o,>n.iniied  the  work  auceessftil! 
,,^.^-v.  •  •  ■'  ^'"^  ,  ,  „:  ■.,•.!■  t.  - iz^-'Kl  ^f~  »Td  tho  thermometer  indiealed 
_  ., — V    ■■v^  '  , 'V. ,!,  iCv--'  v^.  !3^"    '   ''^  ter.-perainre  within  the  house* 

.Vv.   ■<■   -^■■-  ,^  ,.jj^  ^.^^.-1,.-;*.:  ■■'b  »11  tbecare  audrefineme 

'>.s^->   '^    *"'^       "  •'~     •   ]   .".  ^^^  ,,.  >i,:,.j,;i  ;>»  ^imaoe  no  doubt  detract 

^-«,-vi.    ■*-    *"■    '"-^  ""''"' 'iv'V'ci      WtCT  ;l  "T-'.  ;>t  tbij  fiKt.  ibe  work  wou 

^,„  ;    f^"    •»•    *^".'~;„\^  ^  ;i«f.V-t-a*->:^ir.annerofworkinganda 


■jkwtV''  ViTD  di*«-harge  work  wi 
t  •,:-  aI^;V^»J*  cwd,  lud  the  gene 
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I  of  p]«Dt  «nd  method  of  working,  have  been  described  so  fhlly  by  yon  in  the 
ITMB  report  of  the  Commiaeion  for  1861,  that  a  description  here  is  nnneceesary. 
opfn-riTer  work  waa  con  tinned  RncceBsAilly  until  October  '23, 1881,  orders  hav- 
bfen  received  to  leave  Winona  with  the  party  on  October  25, 1881.  In  conuecf  ion: 
I  the  regular  discharge  work,  the  followiug  work  was  doui* :  sIo]>e  obHcrvntitaici 
^  taken  daily,  sediment  and  dredge  Hpeciniens  were  taken  at  n*gular  periods,  aud 
itadinal  Minndiiigs  were  taken  as  often  as  time  would  permit.  The  dredge-work 
made  of  more  than  pasHing  interest  on  account  of  the  refinenieutH  introduced  in 
fBBg.  Tho  system  of  sieves  used  enabled  the  party  to  do  this  work  iiei-fectly. 
vork  was  inspected  by  you  in  person  on  July  15, 1881.  Tlie  computed  diKcbarfifcs; 
Dtber  emlcolations,  with  maps  of  reach,  chart  showing  deduced  cnrvcji  of  dis- 
ge,  velocitv,  and  areas;  also  sketches  showing  portable  Hkd-house  and  dredge; 
pbotosraph  of  electric  plant  in  actual  working  position,  are  all  appended  to  this. 
n.  The  diacharge  data,  with  map  of  reach  and  curve  chart,  appeare<l  in  the 
nsft  report  of  the  Commission  for  1881.  Tho  necessity  of  bcgiuuing  the  work  on. 
usver  Mississippi  as  soon  as  possible  after  closing  the  work  at  Winona  prevented. 
report  from  accompanying  the  data  mentioned  at  that  time. 

eoiiclaf>ion,  1  desire  to  acknowledge  the  valuable  assistance  rendered  by  my 
(der,  Mr.  Hiram  Phillips,  who  performed  all  his  dnties  in  a  manner  worthy  of  tho 
leil  commendation  I  can  give  him. 

Yety  respoctlally,  your  obedient  servant, 

John  Ewxns, 
AB$i$tant  Engineer^ 
infc  Lient.  Smith  8.  Leach, 
terefary  MiuUtippi  River  Commistian, 


7.^At  Hannibal,  Mo.,  Homer  P.  Rttter,  Assistant,  in  Charge. 

(Hon — ^Besolts  in  Report  of  CommiMioii  for  1882,  page  138.) 

Office  Mississippi  River  Commission, 

tSaint  Louis f  Mo.,  October  8,  1883. 

kk:  I  have  the  honor  to  submit  herewith  a  report  on  the  observations  of  the  gang- 
linty  stationed  at  Hannibal,  Mo.,  from  October,  1880,  to  October,  1881. 
■  aeeofdance  with  instructions  received  from  you,  I  left  Saint  Louis  October  9,. 
9, ad  proceeded  to  the  mouth  of  the  Dos  Moines  Kiver  to  make  a  reconnaissance 
rifiiTonble  location  for  obtaining  the  dihchurge  of  the  Mississippi  River  below  the 
wthof  the  Des  Moines  River. 

Itnived  at  Warsaw,  111.,  October  11,  and  proceeded  at  once  to  make  a  rocounais- 
Mtof  the  ri\er  in  this  vicinity.  On  October  15  I  received  your  communication  in- 
iBng BW  that  the  Commission  had  examined  the  tollowing  location,  t.  e.,  500  feet 
W  the  Hannibal  bridge  and  connecting  with  the  Suy  Lt^vee,  and  found  it  well 
llVM  for  a  gauging  station,  and  that  it  should  be  occupied  unless  a  decidedly  bet- 
ttte  be  diacoven.^. 

lauttd  immediatly  for  Hannibal,  Mo.,  and  after  examining  the  location  indicated, 
fcoded  to  locate  there,  finding  it  well  adayited  for  gauging  piirposcH. 
Aydimipary  8ur\'ey  of  the  locality  whs  then  ma<ie;  the  discliHrg«  section  estab- 
*W;  range  polls  aud  targets  erected  ;  slope  gauges  established  and  put  up ;  tho 
MwypUot  collected  ;  the  win^  anchorage  laid  and  the  electrical  lloat  apparatus 
j^tifetwr.  Everything  being  reiidy.  observations  were  coninienoed  November  1*2, 
"^udeontinned  until  October  iM,  irtbl,  when  orders  were  received  to  discontinue 
^^iWriations.  Tho  party  consisted  of  one  recorder  and  two  boatmen,  with  an* 
Wtul  boatman  during  high  water. 

jMrtw  9f  the  Btction . — The  K4'ctiou  was  located  CiOO  fei  t  above  the  Hannibal  bridge- 
■iftnllel  to  the  same.  Tho  Mississippi  River  at  this  }><)iut  is  very  narrow,  being 
■^ylSW  feet  wide  at  low  water;  1,500  feet  at  a  bank  full  stage,  and  ii.r.'iO  feet  atex- 
■jBhigh  water.  1,0<  0  feet  of  the  latter  width  being  the  (iistance  from  the  left  bank 
*wl  8bj  Levee,  this  distance  being  covered  only  a  few  feet  in  depth  dnring  high. 
JJ*.  On  the  right  bank  the  bluil's  run  close  to  the  river.  The  (b'rpest  water  ia 
g iKtim  was  about  IM>  feet,  at  low  water,  distant  about  4('0  feet  from  the  right 
y«  Tbe  bottom  of  the  river  was  uniform,  sloping  from  each  bank  t«)wards  the 
■Jj^ptrt.    The  path  of  the  cnrrent  was  normal  to  section. 

**w<tf  Ifce  oh^ertatiottB. — The  obwrvations  niade  during  the  season  consisted  of : 
^^^^^■•Miueiuent  of  the  river's  discharge,  taken  every  available  day.  (2)  8b»po 
■MHiTer  tiurfai'e  for  a  distance  of  2,t»00  feet  above  and  'JM)0  feet  below  the  dis- 
■JgJ^etion.  (3)  Sediment  samples  of  tho  water  taken  at  dillerent  points  in  the 
■■'    at  Tsriooa  atages,  to  detennine  the  amount  of  sediment  carri(Ml  in  suspension.. 
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(1)  Dredging,  obtainiDg  speoimeDB  of  fhe  bottom  of  the  riyer,  to  detennine  mAtflrial 
and  changes  in  material.    (5)  Tri-daily  readings  of  the  vater-gaoge. 

Discharge, — Discharge  obseryations  with  the  rod-float  plant  were  oommenoed  Ko> 
vembor  11,  and  wore  continued  November  12,  13,  and  15.  These  observations  had  to 
bo  discontinued,  with  the  exception  of  December  13  and  14,  on  account  of  nmninff  ie^ 
until  tlie  river  froze  over,  which  occurred  on  December  S9.  From  January  3  to  MiRik 
10,  iuclusivo,  discharjge  observations  were  taken  bv  cutting  holes  in  the  ice  and  0iiB| 
a  current-meter.  Alter  the  ice  had  broken  up  and  ceased  mnninff  (April  7),  the  win 
anchorage  was  aj^ain  put  in,  and  the  discharge  observations  with  rod-float  plant  n- 
sumed,  and  continued  to  October  12,  when  observations  nt  the  station  wcrediseofr 
tinned.  During  the  season  94  discharges  were  obtained,  29  of  which  were  meter  ^ 
charges.  The  discharge  observatious  were  reduced  and  computed  during  the  sasioa, 
and  the  results  forwarded  to  the  o£Bce  at  Saint  Louis,  Mo.  Taking  a  discharge  eoa- 
sisted  in  obtaining  a  cross-section  of  the  river  by  means  of  soundings,  and  detennifr 
ing  the  velocity  of  the  cuirent.  at  various  points  in  the  section.  The  soondingi  wm 
taken  either  with  a  pole  or  a  lead-line,  and  were  25  feet  apart.  A  20-pound  lead  wh 
used.    Velocities  were  taken  every  100  feet  by  means  of  rtMl-floats  or  cnrrent-metoc. 

In  determining  velocities  by  means  of  rod-floats  6  rods  were  ran  to  each  statioiiaaBA 
a  mean  taken  for  the  observed  velocity  at  that  point.    When  the  cunent-metv 
used  a  mid-depth  and  an  integrated  velocity  were  taken  at  eaoh  station. 

lu  reducing  and  computing  rod  discharges,  the  observed  velooities  of  the  rods 
reduced  to  the  mean  velocity  in  the  vertical  section  by  Franoia*  formula,  is.: 

i»  which  •« =r(  1-0.  m\_^^-  0.  l]  ) 

i/  =  mean  velocity. 
v= observed  velocity. 
D  =  depth  of  water. 
D'  =  immersion  of  rod.  * 

The  cross-section  was  divided  into  partial  areas  by  ordinates  midway  between  tkt^ 
observing  stations.    The  mean  of  the  result  of  rods  run  at  any  station  was  nrah^lM] 
into  the  corresponding  partial  area,  and  the  partial  discharges  thus  obtained  wen;. 
added  together  for  the  total  discharge.    The  latter  quantity  was  divided  by  the  totol 
cross- s(!Ct ion  for  the  mean  velocity  of  the  river.    The  meter  discharges  wers  eQ» 
puted  in  the  same  manner,  with  the  exception  that  a  mean  of  the  mid-depth  and  In- 
tegrated velocity  at  each  station  was  multiplied  into  its  correspondiug  pwtial  oiwi 
section. 

In  taking  discharges  with  rod  floats,  the  following  plant  was  used,  the  prinoipal 
features  being  the  wire  anchorage,  the  electrical  float  apparatus,  and  the  rod  floAs 

The  wire  anchorage  consisted  of  a  No.  9  steel  wire  running  across  the  river  mm 
fastened  at  each  shore.  From  this  cross-wire  anchor  wires  ran  up  stream  eveiylM 
feet.  The  anchor  wires  were  200  feet  long,  one  end  being  fastened  to  the  erosa-wiiB 
and  the  other  to  a  large  stone  weighing  irom  twa  to  three  hundred  pounds.  WhtM 
not  in  use,  this  wire  system  lay  at  the  bottom  of  the  river. 

The  electrical-float  apparatus  used  was  rigged  in  the  following  manner :  Across  tfca 
stem  of  a  22  foot  skiff  is  bolted  an  outrigger  20  feet  long  and  five  inches  wide,  wUsk 
is  graduated  to  feet.  From  the  extremities  of  this  outrigger  two  wires,  each  Utf 
Icet  long,  supported  on  battens,  trail  down  stream,  and  to  their  lower  ends  isattadrf 
another  similar  strij)  supported  on  three  buoys;  the  upper  and  lower  strips,  toythgi 
Willi  the  two  side  wires,  forming  a  parallelogram  20  by  100  feet.  On  the  up-Knfltf 
face  of  the  lower  outrigger  is  fastened  a  strip  of  sheet  copper  one  inch  wide  extendial 
the  whole  length  of  the  Doard.  In  front  of  the  above  copper  strip  is  stretched  a  ~'^ 
ilar  copper  band,  supported  at  each  end  on  woodeu  bridges. 

The  strip  of  copper  which  is  fastened  to  the  face  of  the  lower  outrigger  is 
nectcd  with  an  insulated  wire  running  along  one  of  the  wires  forming  the  parallsl^ 
gram,  and  the  copper  band  in  front  of  the  strip  is  connected  with  a  similar  insalattfi 
wire  running  along  the  other  wire  of  the  parallelogram.  The  two  insulated  vilj|| 
lead  into  the  upper  skiif,  where  they  are  connected  with  a  battery  and  electrio  beD 
At  the  middle  of  the  lower  outrigger  is  attached  a  skiff  usi^d  in  catching  the  Am^ 
The  rods  used  were  cylindrical  in  shape,  1^  inches  in  diameter  and  from  3  to25ft^ 
ill  length.  To  the  bottom  of  the  rods  were  attached  tin  cans  of  the  same  diameter  ^ 
the  rods  and  from  12  to  30  inches  long.  These  cans  were  tilled  with  shot,  thns  epab* 
ing  the  rods  to  float  in  an  upright  position.  A  discharge  with  the  float  apparatJl 
WAS  taken  in  the  following  manner:  The  apparatus  having  been  gotten  ready.  tV 
Bborvend  of  the  cross- wire  was  xaUed  aud  put  over  the  bow  of  the  upper  Alft,  irhff* 
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Bite*  *.i:KX  iit.-f  *i*t  r. '  -rr. 

Ml  the  iiiitraaKfit.    A>rbfnj£l  ;i«^ 

, .  it  <ud  IIC4  tir»ak  kvar  -l:.^  li^t 

Inr  tisixii^  see  ^h'szikiL  »  f*rr.  ^otu  V     .; 

The  diliwf  vcre  a^  tiviims^od  br  n^^A. 

«f  doabk-lloet^  vaAenutrai:*^  tj^it::  a  zi^-V  «-- 

for  off&c  tbcr  plauT  :  •jaiizij^  M*j<^ 

made  i&'thii  var.    On  the  SiL  of 

and  the  original  mtrthMl  br  piai.:  n^N-^ixk^.     r>r 

wyhig^    Alter  fire  leie  cd*  oW^rraricRM  ^rr« 

waa  swept  avaj  by  the  •rvenio^  T«/:iiiDe  of  v^'^r. 

it.    SeTcral  vire*  vere  Mfe  t  hcsd  m;t«^-  t  ch; 

haliMrBaed;  aome  of  tlM;  break*  w^re  orfa»ikir»*i'': 

Ml    rSnallj,  npon  witoeHnn^  the  wii*:  Iveak  ii.  r-.i'l- 

■Iwif,  all  eflbrta  to  keep  it  in  vere  abaD'i'OMi. 

waa  fomlabed  tbe  pmrtjr,  and  on  April  16  Tb«-  Lr^-t 

wHh  doable  floats  located  from  bhore.    TLie  u\*:\h*A 

of  Jniljy  ninety-one  di«c-bargcw  having  been  taken  in  tLi^ 

I'liddtoof  Mbtft^Beiodaweve  anbstitnted  for  uonU*?  fioata.  tbe  river  then 
.\*yntJkto  hMolsthiBi  eonTeniently.    This  wa«  not  practicable  in  bi^^h 
af  only  tiwo  boatmen,  who  had  to  manaze  tte  ^kiff^  baLi«L<.' 
~  the  tomidinga.    Free  mdM  were  used  and  Iocate«l  with 
lf»««fc**gw  being  t»ken.    On  the  19th  of  Aogiist  the  plant 
liver  haiTinc  beeonie  anfficiently  low  to  make  it  practicable. 
Ivafar.    Ilua  method  waa  kept  np  till  the  4th  of  October, 
■K  DMD  takan.    By  the  1st  of  October  the  river  had  agaiiv 
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1  24  to  October  H  nine  diffeteot  poinlw  lu  the  acction  » 
beiuR  »dile<i  oo  thn  llliuois  side  u/  U" "  -' -- 
._ry  &  loMaroli  7,  tboilreiiginKs  wer   - 

dwwribwl  l>elu».    From  March  QA  t     .        . 

t  skiff,  liy  raeatie  of  u  cnnTaa  l-ag  aiirroiiuiling  an  iron  tnar,  '• 

tlMbvil. 

■  KUtiuoa  used,  witti  Iho  addition  of  tbe  two  iiictitiDiied  above, 
jiic.auK  dredgiiiKN. 

A  Hpecimeu  of  the  hottoni  of  tlio  iiv«r  ohtaiutHl  hy  oneh  dredglti^ 
and  nnalyzed. 

'TheBnec)iiiatis,394  in  niimlMsr,  put  in  tinbi'TeHand  labi-lBd,  wore 
Lnnis,  Ho,  The  ipBcimeua  ««re  analyiwl  in  the  field,  and  the  nwii' 
comprising 3KBbsvtii,fc>rwariied.  WLi'ii<lred};^n^ through  holesiDt' 
dMcribi!(l  driMlge  wait  fuimd  to  auswtr  thl^  pitrpoise.  It  ooDsiHl 
sheet-iron  18  iachea  Iode  and  G  tuchea  in  diauiuter,  open  at  one  ■'  < 
other.  A  Bl.rip  of  wrought  iron  1  by  J  by  20  inches  was  rivclodi-' 
wiau)  of  the  cylinder,  and  ullon-ed  to  project  a  fen*  inches  beyoT^ 
this  atrip  trail  scroned  a  roil  madi?  of  Iialf-iDch  gas-pL[)e.  The  i 
scotioDS,  each  7  feet  long,  vritb  i;aB-pipe  cnnplinj^a  for  screwing  i 
mittin);  the  rod  to  be  lengtlifiicd  or  sliortsniHl,  ae  the  depth  reO' 

The  section  ueareBt  the  cyliniltr  waa  bent  npwarda  at  an  anc' 
ing  tho  cylinder  to  be  palled  along  the  bottom,  scooping  up  the  > 
waa  let  into  the  water-cylinder — end  down  stream.  In  polliD). 
The  cylinder  neaiinied  a  per|iendicu1ur  position,  thereby  eiiabUu 
bottom  to  be  brought  np  without  undergoing  any  change  by  i 
ticlM  washeil  out.  The  dredge  was  found  to  work  without  ( 
depths  in  thu  section. 

Very  respectfully,  your  obedient  servant. 

Hi 


8. — At  Qrajton,  III.,  J.  H.  Datib,  Ab8iST.\ 

(KOTS.— Rtsnlta  in  Report  of  CommLukiD  (br 

Opficb  MisBiasir 

Sr 

Sir  :  I  have  the  honor  to  suliniit  the  following  repoi 
ton,  Illinoia,  made  from  October  15,  1880,  to  October-.: 

The  Bceno  of  operations  was  reached  by  the  assistai; 
There  was  neither  material  nor  aasiatance  at  hand,  b<' 
could  lia  done  durin);  the  first  week.     Upon  (ho  arriv 
sance  of  the  most  favorable  portion  of  the  river  was  i 
a  gau^iug  section.      Upon  the  arrival  of  C.  L.  Harris' 
plete,  cousiating  of  asalstant.  recorder,  aud  two  bo^ 
preliminary  work  to  be  douu  in  putting  up  gauges, 
anchoragv.  laying  oflf  ranges  and  putting  up  lugii; 
instruments  were   fnruisbed,  and  the  material  an- 
wns  biBt  nnnecessurilv  in  this  work.      Most  of  it 
utensils.      Finally,   on  the  l;Jth  of  November,  th. 
'■'^i"y  to  nieasure  n  diaibarge  by  the  method  of  v 

Tli>'  mriiil  work  onsisted  of— 

Ipt.  DiMfbar):<'  wVnwrvations. 

M.  Sfdiiueiit  obaer^'alious. 

M.  Dnilgiu.:  observations. 

4tb.   Sh.|u-  nW-rvuti,.ns. 

5th.  Dftf-nuiniug  vertical  velocity  cnrvea. 
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OF   THE   CEll 

Im  iumtnrrpt  to  ■tl«iid  lot1ies1i)p<>L 
aatm^  rrrnnlcr  «*•  occupied  in  <•" 
la  tlUa  «a>  Diiicb  time  waft  save>t  v 
«BMB.  kit.  C.  L.  Bbituiou,  TBoordoi 
Im««  «f  aI)««DC*,eitPndiDg  from  tb>t 
clMr|»'>f  llic  ub««rvalkinii,  and  oxccLj  < 
•ulHRi  labored  under  great  diaadvuni 
wnii  ln-<in«-nlly  impracticable  lo  cnrr* 
waa  pursupd  that  seenicd,  in  tbe  Juii 


r.rRS,   U.  S.  ARHY. 
I  JrJBVUA,  Ifinn.,  Jtntuawf 


Bisppctfully  Bubmitted. 


9.— PROBABLR  Discharges  of  ti 
Tabu  thowinij  daily  dltcKta 
[Ciaoputnl  rioin  tbe  gangs  ni 
MoTB.— Aaibo  Pr«Kutt(l 


Db) 


s:   s:' 

ll     i 


■  I  II 1        a '        4Mi 

^t*l  III        B         «M' 


!                                T   OF   THE   CHIEF   OF   ENGINEEH8,  U.  B.  ABMT.               ' 

V  ilone  eieopt  t<   attend  to tlie  slope gangen.    Tbereronlnilerof  the  timeof  theiiasuf. 

ant  anil  recordei  wa«  occnpied   in   ccimputing  bouih   fabluH   l<n  rediicmc  velociliit.  i 
In   this  waj  uiiii_  i  tini«  was  saved  in  tie  oompotatlona  made  during  the  worliim  i 
wauiin.     Mr.  C,  L  Harrinoi),  recordur,  was  an  able  and  reliable  aaHislant.     During  oit  \ 
lc?ftve  of  abMDW,  tstending  from  the  ISt.h  to  the  S9th  of  September,  he  was  io  ftlfl  1 

oljurgt'  i)f  tbo  obiwrvalions,  and  eieciitert  1  he  work  with  entire  BOtiftfaotiou.    Tb*  M-  J 

aisMiil  labored  under  great  diBadvuntagea,  owing  to  the  looation  of  the  station,   1 
wan  tr.-qnently  impracticable  to  onirj  out  the  instniotions.     In  ihis  case,  the  tuelhl 
was  pursued  that  seeuiKd,  in  the  judgment  of  (ha  auaUtaiit,  best  adapted  to  the  d 

J.  U.  Davis. 

JiiUtanl  Engimter. 

First  Lifut.  Smith  S.  Leacu. 

Srcntarg  3H>»Umppi  Kirer  Commiiaion. 

9.— Pbobablk  DiscBARGua  of  the  MissiesiPPi  Riveb  at  Vahiowb  Pourre,  Dtnioii 

TUB  Ybare  1601  jiSD  1062. 

(oJflBNorj,  1,1*3. 

[Compulfd  from  the  rbukc  rendlu^liy  s  rcnnuln  deilul'iyl  Troni  rliiKbiirgc  abaprratlon*  U  ibeNl 
IKdntlolBBl.) 
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72.4 

25. 

7S.1 

52 

18 

76.4 

66 

21 

78.2 

83 

75c  6 

87 

19 

76.5 

68 

22 

74.0 

41 

70.0 

62 

20 

76.6 

69 

23 

74.8 

48 

78.2 

64 

21 

76.7 

70 

24 

75.1 

62 

76L2 

64 

22 

76.7 

70 

25 

75.2 

53 

7«.2 

64 

23 

76.8 

71 

26 

75.5 

56i 

7«.8 

65 

24 

76.9 

72 

27 

75.6 

57 

70.6 

69 

25 

77.1 

75 

28 

75.9 

60' 

7«.7 

70 

26 

77.1 

75 

29 

76.0 

62 

7a  » 

72  ' 

27 

77.2 

77 

30 

76.0 

62 

77.0 

7*1 

28 

77.2 

77 

81 

75.8 

59 

77-2 

77' 

29 

77.2 

77 

d^Hy  di9charg€  of  the  if/>»iwi/>pt  Biver  at  Grafton,  III,,  January  1,  1882, 

to  January  1, 1883. 

**"*®  peadinga  by  a  formnla  dednoed  flrom  diaoharge  obserrationa  at  the  aamo 

point  in  1881.1 

ini.oocT 
cabic  Teet 


iCJs 


Date. 

Gauge. 

Dieoharge 

in  1.000 

cable  feet 

per  second. 

Date. 

Gange. 

Discharge- 
in  1,000 
onbic  feet 
per seconds 

1882. 

1882. 

au    27 

las 

75 

Feb.  22 

29.7 

270' 

28 

18.3 

75 

23 

20.2 

259 

29 

lai 

73 

24 

26.2 

197 

30 

17.0 

70 

25 

24.7 

170 

81 

18.2 

74 

26 

22.9 

141 

>-      1 

18  3 

75 

27 

21.8 

122 

2 

18.5 

77 

28 

21.3 

115 

3 

18.3 

75 

Mar.    1 

21.7 

121 

4 

18.2 

74 

2 

22.1 

127 

5 

18.7 

79 

3 

21.9 

124 

6 

18.7 

79 

4 

22.0 

126 

7 

18.7 

79 

5 

22.2 

129 

8 

18.7 

79 

6 

22.5 

134 

9 

18.8 

80 

7 

22.7 

137 

10 

18.0 

81 

8 

23.0 

142 

11 

18.7 

79 

n 

23.3 

147 

12 

las 

77 

10 

24.2 

IGl 

13 

18.6 

78 

11 

25.1 

177 

14 

18.6 

78 

12 

25.6 

186 

15 

18.6 

78 

13 

25.4 

183 

16 

18.5 

77 

14 

25.0 

176 

17 

1&9 

81 

15 

24.7 

170 

18 

19.1 

84 

16 

244 

165 

19 

19.3 

86 

17 

24.3 

163 

20 

24.5 

167 

18 

24.2 

161 

21 

2£.7 

247 

19 

24.2 

161 
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Diite. 

T 

Gauge. 

Diaohazse 

in  1,000 
oaUofeet 
peraeoond. 

Date. 

Oange. 

Diacharge 

in  1,000 
oabio  feec 
peraeoond. 

Date. 

CkMigew 

IMS 

in 

cnl 

peri 

1881 

1882. 

188L 

Mar.  20 

24.4 

165 

June   5 

88.0 

824 

Ang.  21 

18.8 

21 

24.6 

168 

6 

82.0 

824 

22 

18.0 

22 

25.1 

177 

7 

82.1 

826 

28 

las 

28 

25.2 

179 

8 

82.1 

820 

84 

18.4 

24 

25.2 

179 

9 

8L9 

821 

25 

18.4 

25 

25.2 

179 

10 

8L5 

812 

20 

18.4 

20 

25.1 

177 

11 

8L2 

805 

87 

18.8 

27 

25.1 

177 

13 

80.6 

290 

88 

18.1 

28 

25.0 

176 

18 

8a4 

285 

89 

17.9 

29 

25.0 

176 

14 

80.4 

285 

80 

17.7 

80 

25.1 

177 

15 

80.0 

290 

81 

17.6 

81 

25.1 

177 

16 

80.8 

296 

Sept    1 

17.7 

Apr.    1 

25.1 

177 

17 

81.8 

807 

^^    2 

17.9 

2 

25.2 

179 

18 

8L7 

817 

8 

17.7 

8 

23.8 

181 

19 

8L0 

814 

4 

17.7 

4 

25.5 

185 

20 

81.2 

805 

5 

17.7 

5 

25.6 

186 

21 

80.9 

297 

0 

17.9 

6 

25.5 

185 

22 

80.7 

298 

7 

17.9 

7 

25.5 

185 

28 

80.8 

888 

8 

lai 

8 

25.8 

181 

24 

80.1 

279 

9 

18L8 

9 

25.6 

186 

25 

29.7 

870 

10 

ia4 

10 

25.5 

185 

26 

29.4 

808 

11 

18L4 

11 

25.8 

100 

27 

29.7 

870 

18 

ia4 

12 

2&1 

195 

28 

80.1 

879 

18 

las 

13 

26.4 

201 

29 

80.7 

898 

14 

lai 

14 

2&8 

209 

80 

8L5 

812 

15 

lao 

15 

27.1 

215 

July    1 

82.5 

880 

10 

17.8 

16 

27.4 

221 

2 

88.1 

850 

17 

17.8 

17 

27.5 

228 

8 

84.0 

874 

18 

17.6 

18 

27.9 

231 

4 

84.5 

887 

19 

17.3 

19 

27.8 

229 

5 

84.7 

892 

20 

17.8 

20 

27.2 

217 

6 

84.7 

892 

81 

17.1 

21 

27.1 

215 

7 

84.5 

887 

82 

lao 

22 

27.8 

219 

8 

84.2 

879 

28 

ia7 

28 

2&3 

239 

9 

88.7 

800 

24 

lao 

24 

29.1 

257 

10 

88.0 

848 

25 

las 

25 

29.6 

268 

11 

82.8 

881 

20 

ia4 

26 

80.2 

281 

12 

81.7 

817 

27 

ia8 

27 

80.6 

290 

13 

sao 

297 

28 

lai 

28 

80.8 

205 

14 

80.2 

281 

29 

lai 

29 

81.1 

302 

15 

29.5 

280 

80 

lao 

80 

81.2 

805 

16 

28.9 

252 

Oet     1 

1&9 

Hay     1 

31.2 

305 

17 

2&3 

239 

2 

1&9 

2 

81.1 

802 

18 

27.9 

231 

8 

15l8 

8 

80.0 

297 

19 

27.4 

221 

4 

16.7 

4 

80.6 

200 

20 

27.0 

218 

5 

15.7 

5 

80.2 

281 

21 

20.5 

208 

0 

16.7 

6 

29.6 

268 

22 

25.2 

179 

7 

15.0 

7 

2a  5 

243 

23 

24.8 

172 

8 

16.0 

8 

28.5 

243 

24 

24.6 

108 

0 

l&O 

9 

80.3 

28:) 

25 

24.4 

1C5 

10 

lao 

10 

30.4 

285 

20 

24.0 

158    : 

11 

16.7 

11 

31.1 

302 

27 

2a  5 

150, 

12 

16.7 

12 

31.3 

307 

28 

23.1 

143 

18 

16.7 

18 

81  8 

307 

29 

22.8 

189! 

14 

16.9 

14 

8L3 

307 

30 

22.6 

135  i 

15 

ia8 

16 

31.2 

305 

31 

22.3 

131  ' 

10 

lag 

16 

31.1 

302 

Ang.    1 

22.1 

127 

17 

ia4 

17 

31.0 

800 

2 

22.0 

120 

18 

laa 

18 

30.6 

290 

3 

22.0 

120 

19 

17.5 

19 

80.7 

292 

4 

21.9 

124 

20 

IT.  7 

20 

80.4 

285 

5 

21.7 

121  1 

21 

17.8 

21 

30.0 

277 

1              6 

21.7 

121  1 

28 

17.9 

22 

2a5 

243 

:         7 

2L9 

124 

88 

lao 

23 

28.9 

252 

8 

21.9 

124 

84 

lao 

24 

2&1 

235 

9 

2L8 

128 

86 

lai 

25 

27.9 

231 

10 

21.5 

118 

80 

lai 

26 

27.0 

213 

11 

21  2 

113 

87 

ia8 

27 

27.1 

215 

12 

20.8 

108 

88 

ia4 

28 

2&2 

237 

18 

20.4 

102 

89 

lao 

29 

29.3 

261 

14 

20.1 

97 

80 

ia7 

80 

29.9 

274 

15 

19.9 

94 

81 

las 

81 

80.6 

290 

16 

19.8 

98 

Hot.    1 

ia9 

June   1 

31.8 

807 

17 

19.7 

92 

8 

lao 

2 

31.5 

812 

18 

19.5 

89 

8 

las 

8 

31.8 

319 

19 

19.2 

86 

4 

1R7 

4 

82.0 

824 

20 

19.0 

88 

0 

lao 

a.  TT BBFOBT 
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3H 

EM^ 

a^v.. 

enblliftMt 

DMA. 

G^c 

mt. 

1882. 

11. 

SOT.lf 

1«.B 

m 

Dee.  14 

18 

SI 

11. 

N 

1B.B 

81 

U.8 

U; 

l&D 

i.0 

3S 

18 

8S 

17 

sa 

IH 

34 

so 

IK  I 

IB 

W 

IT^ 

Dml  1 

»t 

ea 

W 

38 

17. 

8S 

a 

39 

l&G 

22 

42 

74 

28 

24 

14 

55 

If' 

itIs 

M 

18 

88 

11. 

as 

2« 

7.3 

u. 

n 

117 

8« 

U. 

lit 

w 

7.8 

«( 

u 

n 

10 

43 

28 

7  8 

s. 

« 

11 

11.8 

to 

30 

7.7 

88 

laa 

II 

14.  S 

H 

7.7 

M 

u.a 

n 

1* 

11 D 

IS 

n  Kmamt  mdiwn  by  a  fomola  d«da«d  from  dlaelurse  obMcrmtliniB  mt  IJia  M 
ftbi  Trtrff-H-g  ham  Karember,  1S7S,  to  If OTember,  1880.] 

[  Ib  Ihm  eobnoB  of  rwtirfa  maiiDa  tb&t  gauxn-nadtiig*  were  InteipoUtAd. 


^ 

Bauriu. 

DMe. 

Guge. 

UiHbaree 
ln),00fi 
CDbio  feet 
perwoooA 

Bcmuka. 

1881. 

ur.w 

108 

Feb.  17 

m.m 

108 

18 

aos 

U4 

I. 

IB 

63,37 

1. 

B3.78 

S28 

U8 

21 

M.IS 

Ml 

22 

81,53 

]Ml« 

2S 

81.80 

MB.  11 

tu 

008 

iw-ea 

m 

25 

SMS 

1,010 

1«L» 

771 

£ 

1,018 

IMLU 

»S 

I. 

18B.M 

tu 

1 

28 

Wi.1M 

lidSl 

w.n 

Uu.    1 

1,031 

]m.m 

m 

l,oa7 

m.i» 

Ml 

8 

Mfll 

1,018 

mu 

0«T 

85.30 

tN.« 

m 

im» 

8» 

8 

Ml 

in.8B 

8(8 

7 

£88 

mas 

m 

tma 

887 

B 

T«7 

mu 

78.  JS 

m.M 

002 

m.m 

8H 

12 

857 

m.n 

no 

oai 

nin 

888 

m,M 

MB 

15 

tMLM 

18 

76,08 

imm 

77.  VI 

m.*t 

SM 

18 

OM 

m.m 

886 

;«-68 

HT.M 

srr 

20 

m.m 

W 

80.20 

m.m 

Ml 

L 

W 

81,28 

ma 

8M 

J. 

23 

mt 

m.8a 

StT 

l 

31 

BZOS 

m.« 

181 

IS 

83.110 

BW 

1B.M 

OO 

28 

83.118 

ia.M 

Mr 

IT 

83.M 

8l» 
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Drte. 

Q«,f. 

cublo  f»» 

B>m>r1a. 

Date. 

0«-.g(. 

muharge 
cabio'fiwt 

^ 

18gl. 

18B1. 

lUr.  SB 

1M.71 

mi 

170.  W 

41) 

igs.u 

032 

170.  M 

1M.M 
183.76 

no 

1128 

1« 

Si 

4M 

Apt.    1 

isa.15 

172.  M 

400 

183.20 

1» 

173. »« 

SIS 

1KI.9S 

en 

20 

1T4.98 

ZI 

183.70 

BS3 

!3 

1TS.M 

641 

L 

msa 

aa 

177.46 

004 

18^30 

iTviaB 

aso 

20 

mne 

oisa 

2T 

mez 

38 

601 

1(0.41 

SOB 

29 

ntio 

680 

i< 

July     1 

174.18 

668 

H2 

184.10 

»46 

173.71 

S31 

le 

1M.C8 

610 

»0 

173.08 

603 

135,  «e 

I.02O 

173.24 

BOe 

i« 

1,040 

B14 

so 

180.40 

1,069 

173.01 

620 

t 

1M.7B 

na.«B 

L 

£! 

187.11 

i^ow 

MO 

zs 

lloM 

to 

178.  IS 

MS 

14 

mTO 

11 

173.62 

K 

187.  m 

4S8 

» 

Higbntor. 

u 

iwiia 

» 

374 

SB 

i!i2e 

>S1 

■0 

187:  «s 

IT 

18t!o< 

Kn;    1 

m.e; 

ies,o2 

348 

a 

iliot. 

19 

188.31 

365 

1.003 

» 

108.  OIT 

904 

4 

371 

G 

mw 

23 

IBS.  00 

1811.04 

E3 

ioB.ra 

384 

iBe.B3 

S89 

iBS.es 

26 

100.40 

391 

186.97 

M 

100.62 

393 

10 

187,06 

390 

S8 

l»» 

3BS 

1.085 

29 

iBa»7 

1B8.81 

361 

IBS.  53 

ai 

187.74 

338 

IBS.  00 

A-ng.    1 

321 

W 

moT 

303 

041 

3 

186:  Be 

289 

IB 

mloB 

278 

TM 

e 

166,08 

21 

nolBB 

»3 

17B.fl» 

167 

083 

104:49 

15S 

it 

miia 

2H 

at 

170.  3& 

ies:84 

238 

w 

000 

12 

103,^2 

224 

ST 

176,31 

6BS 

217 

n 

175-07 

14 

102.83 

207 

Xa 

174.80 

6M 

w 

m.5s 

10 

IBl 

J-DDe    1 

ITJlM 

fi  1 

IT 

101.78 

IBB 
183 

172.83 

181' 

S 

171.  B« 
171.37 

408 
460 

20 

IBhlO 

isiS3 

20S 

170.  W 

23 

101.  M 

102 

a 

4G3 

23 

101,61 

itdIso 

420 

101. BB 

88 

424 

83 

)7o:tb 

430 

I. 

K 

170.73 

41S 

7» 

11 

28 

170:28 

«a 

20 

IS 

170.18 

149,08 

14S 

*rr 


ZS.^ 

7L  « 

21  an 

DLlfc 

1 

r  I* 

1 
-4 

2k  r^ 

_J 

3fL  li 

S 

=.  » 

31 

m    "^ 

S 

n  s 

ai 

£  i3 

ar 

■^  11 

a 

>- 1: 

9 

>-  r 

» 

»  ii 

n 

A  a* 

k 

M.  i:: 

«.  11 

M.  :^ 

w.  r 

»  11 

a-  i- 

2S  U 

»  -I 

2&M 

3t 

2».  > 

U 

a  a 

12 

:s  14 

U 

»  t: 

U 

:&  * 

u 

>..  & 

It 

y  »: 

17 

*I.  41 

38 

:-L55 

U 

21- ii 

a» 

ij-r* 

21 

aii 

S 

».54 

a 

33Lto 

24 

S4.v^ 

25 

«.72 

28 

as  c-j 

27 

M  M 

28  1 

^5u 

^1* 


■7-11 
•"-i 


/.I 


111 

L.'T 

il7 
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DM^ 
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o«v» 
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Ba 
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W 

SSl<7 
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»S.7* 
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SSl 

Fsb.     1 

10 

■S.T1 

!ZE> 

Sl 

1 

liM 
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22 

M.U 

781 

K.H 

.m 

18 

as.u 

34 

TU 

< 

t&e 

litt 

IS 

M.05 

002 

1 

S&M 

087 

>&«a 

633 

* 

».» 

Ibs 

18 

23.90 

688 

24.31 

U.M 

[sa 

i: 

85.60 

.m 

Vv    1 

710 

as.  51 

M.B7 

724 

S4.00 

779 

u 

»s.a3 

Ism 

4 

25.11 

735 

IB 

3&1S 

G 

28.22 

as^ii 

|lM 

IS.  IS 

IS 

as.  06 

.in 

7 

£9.05 

7SS 

IS 

a^oa 

.iw 

a 

34.86 

734 

30 

24.68 

n 

35.17 

lisa 

10 

2S.36 

t2 

8i.!3 

,101 

27.02 

SlS 

n 

28. 5S 

H 
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[sax 

18 

£t.8B 

2.1 

as.  eft 

,3St 

S0.8S 
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S2.IS 

M 
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17 

S1.S3 
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,282 
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1,37B 

IB 

S3. 70 

38.00 

,477 

SO 

S3.  OS 

ilois 

ia.$i 

,474 

32.85 

M.M 

SI 

83.89 

SSL  44 

:s» 

va 

S2.TB 

i;o8t 

■&3S 

LiflB 

81.8: 

,100 

IS 

83.80 

B8.S6 

25B 

M 

ai.69 

lioTi 

10 

36.  IB 

.as 

27 

ItLGI 

I,OSt 
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£8 

12 

as  04 

29 

SLse 
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SO 
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'm 
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Sl 
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» 

liais 

.032 

a 
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n 
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u 
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Im 
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17 
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81.00 
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M 
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SO 

» 
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17 
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l.OW 

IB 
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BZ.M 

1,037 
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32.70 
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21 

27:80 
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''*S 

23.01 

SOS 

31.78 

20.  as 
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MO 

M 

20.01 
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le 
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17 

28.81 
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23 

20.69 
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so 
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2  OF  TBB  CmSF  OP  EMOnrEEBS,  V.  6.  ARMY.  1 

O:  ivi  ipbrep)  and  Abbot  Report,  th«  elovation  of  lbs  hich  iraterM 

tix  "^  iveo  fullO.Sfeft.    C'orrecling  this  by  0.8  foot,  thoditForcr    -^ 

twi  of  tfa«  HampaoD  bench  above  mean  tide,  wo  have,  AS.7  t< 

beie...  KurfnCG  nt  Red  River  Landing ;  or  56.7  feet  above  Mcmpliia 

Sitae,  „  _        I  feet  below  the  bigb  water  of  185d  at  Memphis,  Tcud.,  — 

let  beloa  iiK)  '.^..-u.  of  UuiU-d  Stales  Engineers'  gaage  at  that  point.     It  i 
above  tbo  mean  level  of  ihe  Gulf. 

Ko  comparieou  of  tbe  Iwnebea  at  Red  River  or  Baton  Rooge  could  bo  made,  1 
of  EnginoePit  Report.  1872,  pugv  43:t.  stales  that  "  no  Teatige  of  tbe  old  United  Ij 
bench  romnine."    Report  of  le?:),  page  ,^22.  give*  Hero  of  Baton  Rouge  tauD 
foot  loner  than  IticDulta  Sutvc.v  cnngo,  but  tlie  records  do  not  show  wrx^lhi 
has  Bince  been  changed  or  not.     The  comparisooa,  therefore,  depend,  for  ll 
Sarrey.  on  a  double  tine  of  levels  from  Corrolllon  to  Baton  Botige,  and  a  si: 
"  nm  with  the  greatest  care**  from  the  latter  point  to  Bed  River  Lnurliug, 
tbe  sarve;  of  \&Si  on  a  line  of  "precise  levels"  made  by  tbe  United  States  C 
Geodetic  Survey;  theae  two  surreys  being  eoiinected  only  at  the  lower  end,  oi 
known  as  HampBon's  beneh-mark.     It  is  probable  that  the  disore^ney  at  R... 
Landing  is  quite  small,  as  the  top  of  tbo  leveo,  according  to  the  Delta  Survvg 
feet  above  the  Hempbia  datnm,  and  the  survey  of  1683  gives  it  as  58  In  gf 


SeeOoni  in  th 


Tbe  neit  reliable  sections  -^ 
of  Donaldsonville.    The  soui 
detio  Sorvejr  doting  the  lotb 


'onaldaonville. 

sons  can  be  mode  are  in  tLa 

Ltbe  United  States  Coast  a 
I  ant  half  of  UI8I. 


APPBHDIX    T1 


II 


4 


'I 


— BEFORT  OP  MISSISSIPPI  BIVKB  COMMISSION. 


2691 


2f^fl>F1^F-''re'#fV0i'V[ir«f    -ciVufV  fifes' d"Wiri"*"(rf     *"ft.'-f     c*         irf 


js§2sssES^S£sss|2Sf5SS5ss3,^s3|s  sg 


^S5|sse||sssg;gs|s&?^s^^&!ii^s^ss  ^s 


MM  :^;|^:  i : :  i 


^6)o£.wn&iiMf'HojS.iS5a^aS.Ki^'^>s-'^ca   I 


Depths  u*  lefened  to  the  plane  of  1883- 

Thtrtf-two  Becttons  which  are  ideotJcal  with  or  come  veiynear  tlip  Beclioug  oft 
bftvp  been  plotted  and  are  abown  nn  PIaU«  9,  10,  and  11- 

The  arcttoDs  of  the  Coast  Survey  and  Geodetic  Surveyare  copied  from  traciugg  (8>  ■ 
on  file  iti  this  office.  The  sounmngs  there  shona  were  reduced  to  the  "  aTonge  I 
wktorof  the  year"  during  which  the;  were  tftkeu.  The  stage  of  Uie  river  whoil 
eonadinjca  were  made  was  bnl  a  little  1>eIow  the  high  water  of  1S8I.  A  conpuil 
of  the  wctioas  ia  given  iu  the  above  table,  the  aren  of  the  HoctiouB  being  iiwani 
b«low  the  lowest  water  surface,  or  that  givoQ  bv  the  United  States  Coast  and  Qeoia 
Sorref  sections.  The  eectiooH  were  plotted  and  tbe  areas  measored  with  a  planiiM 
hj  Awistaut  n.  B.  Wood. 

Very  reapeclfully,  your  obedient  servant, 

J.  A.  OCKKBSOS, 
AMMftoMt  B»giiiilt, 
Firal  Lieut.  Sum  S.  Leach, 

Srerrlary  Miniwippi  Birer  Comminiim. 


APFEXDIX  B. 


Departmrnt  of  CoNST&ucnoiT, 

Saint  Louit,  Mo.,  Xortmbtr&,  tSB 

COLOXRi.:  In  nccordaoce  with  your  cirenlai'  letter  of  September  C,  1883,  I  ham 

honor  to  tDbmit  the  following  report  of  operations  performed  nnder  ruj  immadt 

BUperviaioD  as  ezeeative  officer,  coostmetion  department,  Mississippi  River  Conn 

(lion,  siuce  the  dale  of  my  last  annual  report,  which  was  brought  up  to  DccembK 

laa. 

My  office  b  as  Iteen  fti  11  y  employed  during  tbe  past  eleven  months,  in  ._.  _._.. 
lion  of  the  llonling  plant,  recommended  by  the  CommiHsiou,  and  approved  bytiil> 
hononible  lUe  Po-n-lary  of  W:ir,  in  its  distribution  to  the  various  worts;  in  the  cll»-  I 
let  of  steamers  ;  iu  tbe  imrchase  auil  supply  of  stone,  wire,  coal,  Aubsiateucc  slon*, 
n'Jrt  other  material  reiiuiTvil  on  the  several  reaches;  in  the  c.ire  of  tbe  Heel  at  Cun, 
consisting  of  coat  anil  lioatiug  plant  not  in  use ;  iu  tbo  repair  of  boats  and  barget, 
and  in  the  manHgemenI  of  the  general  service  steamers. 

The  general  system  of  }iiirchnse  and  supply  was  outlined  in  my  last  report,  and 
need  not  be  reiwated  beiv.  This  system,  as  there  stated,  has  been  continued.  Speciil 
freight  r»tes  haye  been  aeclireil  from  commercial  steamers  and  from  tbe  railroails,  and 
Hbi]>iiient8  have  been  made  l-y  one  or  tbe  other,  as  happened  to  bo  more  favorable  at 
the  lime,  whenever  the  shipiiii-iit  has  been  so  small  as  not  to  justify  bringing  one  o( 
our  steamora  to  Saint  Louis. 

Hurinit  the  winter,  when  ice  has  closed  the  river  down  to  Cairo,  supplies  have  been 
Bhi]>ped  liy  rail  to  Cairo,  mid  hence  by  onr  slenmers.  The  steamers  MissiEisippi  aod 
Kthi'ridgo  have  been  kept  in  almost  constant  use  towing  our  barges  and  other  plant. 
In  AnitusMho  I'Jtheridge,  in  briugiag  dowu  a  tow  from  Louisville,  got  aground  at 
Flint  Isttand  liar,  in  the  Ohio  Kiver,  and  v!a»,  after  some  difficulty,  pulled  off  into 
deeper  Wat eraliove  the  bar.  As  there  appcnri'd  to  bo  no  prospect  of  getting  her 
down  for  some  we<-ks,  owing  to  low  water,  site  wns  laid  up  at  Louisville,  under 
charge  of  watcbiucn.  and  her  crew  transferred  to  the  steamer  Jack  Frost.  Her  tow 
was  taken  down  by  tbe  RcindetT,  a  small  light-draught  bo.it,  chartered  temporarily 
for  the  purpose.  Octolier  IG,  the  Ethcriilgo  reached  Cairo  iu  tow  of  the  Minnetonkii, 
and  was  iiut  in  coininiasion  immediately.  August  7,  tho  Htcamcr  John  Dippold,  a 
powerful  Imat  belonging  to  tho  Mississipjii  Valley  Trannportntinn  Company,  was  char- 
tered for  the  peiieral  service  at  850  |ier  day,  for  two  weeks,  or  longer,  if  necessary. 
Sho  was  kept  iu  constant  use  until  October  7,  when  sho  was  turned  in  to  the  owners. 
Another  large  steamer,  tho  Jack  Frost,  was  chartered  for  tbo  giineral  service,  Septem- 
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5,000,  lefli  ehttrter  money  paid.  At  preseDt,  therefore,  we  have  in  the  gen- 
3»  three  Bteamers,  two  belonging  to  the  United  States  and  one  chartered. 
e  ten  montbii  ending  Octooer  31,  1883,  the  Missisbippi  has  moved  489 
:  Tarioua  diataneee,  amounting  to  one  piece  moved  113,177  miles  at  a  cost  of 
per  mile.  Her  average  daily  expenses  while  doing  this  work  have  been 
la  includes  fuel,  pay,  and  sabsistence  of  crew,  and  supitlies  aud  other  nin- 
ifiea,  but  does  not  include  interest  on  her  cost,  nor  the  cost  of  repairs.  She 
nade  several  trips  with  the  Commission  or  the  coustmetiou  committee, 
le  running  expenses  of  which  have  been  paid  by  the  secretary  of  the  Com- 
nt  of  the  appropriation  for  Mississippi  River  Commission. 
ksridge  dnnng  the  eleven  months  has  moved  377  pieces  over  various  distances, 
K  to  one  piece  moved  104,861  miles,  at  a  cost  of  22  cents  per  mile.  Her  av- 
^  expenses  have  been  f68.84f . 

ipold,  while  under  charter,  moved  139  pieces  over  various  distances,  amount- 
)  piece  moved  37,930  miles,  at  a  cost  of  35.3  cents  per  mile.  Her  daily  ex- 
elndiuK  charter,  averaged  $212.76.  She  was  in  service  63  dayn.  The  Jack 
ile  under  charter,  moved  ^  pieces,  amounting  to  one  piece  moved  10,359 
i  cost  of  49.4  cents  per  mile.  Her  daily  expenses,  including  charter,  aver- 
.  12^.  She  was  under  chMtor  31  days.  These  two  steamers  would  have  shown 
ter  results,  from  an  economical  i>olnt  of  view,  had  circumstances  permitted 
e  worked  them  up  to  their  full  capacities.  For  reasons  to  be  hereafter  ex- 
tiis  was  impracticable. 

nnetooka  nas  not  been  in  service  sufficiently  long  to  enable  me  to  report 
.  be  a  fair  averaee  as  to  her  daily  expenses.  Sue  was  built  for  our  work,  and 
las  been  left  undone  by  her  owners  to  make  her  an  acceptable  boat  for  that 
She  is  fully  equipped  in  every  respect  for  towing.  My  original  arrauge- 
h  her  owners  was  to  charter  her  for  six  months,  but  owing  to  their  delay  in 
ig  her,  I  cut  this  down  to  three  months  with  the  privilege  of  a  renewal,  if 
Summing  np  the  above,  I  find  that  our  general-ser\'ice  steamers  have  aver- 
S.78f,  per  day  each,  as  to  running  expenses,  and  have  moved  1,074  pieces 
Ustances,  or  one  piece  266,327  miles,  at  an  average  cost  of  33.15  cents  per 
tfimating  each  piece  at  100  tons  (a  low  estimate)  will  make  the  cost  per  ton 
one-third  cent.  Had  we  had  this  towing  done  by  commercial  steamers  it 
ve  cost  about  two-fifths  cent  per  ton  mile,  and  we  would  have  been  subjected 
rexations  and  expensive  delays. 

imer  captains  have  had  great  trouble  in  keeping  efficient  crows,  especially 
le  sickly  season.  Government  boats  pay  no  hospital  dues,  and  when  men 
lem  tbsy  forfeit  their  right  to  treatment  aud  care  at  the  iiiariuo  hospitals, 
ig  the  benefit  of  dues  previously  paid  wben  on  commercial  steamers.  Tbo 
ner  and  fall  seasons  have  been  very  unhealthy  on  the  lower  river,  and  sev- 
I  our  boats  have  been  disabled  for  want  of  effective  crews. 
I  eaniestlv  recommend  that  the  Commission  take  some  action  towards  secur- 
r  throogn  the  Treasury  Department  or  by  Congret<s,  some  remedy  for  this 
leems  to  me  but  proper  that  men  employed  on  United  States  civil  vessels 
ivetbe  right  to  hospital  treatment.  Practically  this  is  at  present  denied 
1  whether  proper  or  not,  it  would  certainly  add  to  the  efliciency  of  our 
ervifie  if  such  medical  aid  could  be  given. 

irtered  steamer  Success,  in  use  on  Lake  Providence  Reach,  was  returned  to 
rs  April  20^  1883,  not  haviag  proved  satisfactory. 

f  1,  1883, 1  chartered  the  steamer  Grabam  for  six  months,  at  $15  a  day,  for 
9  Memphis  Reach.  July  1  this  charter  was  extended  three  months  with  the 
of  six  months.    She  is  still  under  charter. 

y  2,  1883^  I  bought  the  steamer  Charlie  De  Pauw  for  $17,404,  she  having 
evMlf  a  valuable  and  efficient  boat.  She  was  kept  in  constant  use  on  Lake 
ee  Beach  until  August,  when  she  broke  her  shaft.  She  was  sent  to  Suint 
*  a  new  shaft  and  a  general  overhauling.  After  being  thoroughly  repaired 
ly  repainted,  her  name  was  changed  to  the  Vidalia,  and  she  was  returned  to 
tVoridence  Beach,  where  she  is  doing  good  work. 

;  18B3^  I  chartered  the  steamer  J.  C.  Fisber,  for  the  Lake  Providence  Reach, 
irday  for  six  months.  Though  her  charter  has  expired  we  still  retain  her, 
ct  to  have  use  iar  her  until  navigation  closes. 

f  18^  I  ehartered  the  steamer  Little  Eagle  No.  2,  for  use  on  the  Plum  Point 
ir  seven  months,  at  $17.50  i>er  day. 

fc9, 1883, 1  obartered  the  steamer  Pearl,  for  use  on  Lake  Providence  Beach, 
months,  at  |17.&0  per  day. 

iber  9, 1883, 1  chartered  the  steamer  Little  Andy  Fulton,  for  use  on  Lake 
lee  Beach,  at  $30  a  day  for  three  months. 

ind  laanoa  have  been  porohased  for  use  at  New  Orleans,  and  another  launch 
a  Flnm  Fotait  BeadL 
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yncfptAm  is  luenvwitli  sabmitted,  viz : 


$17,404  00 

llMmtag 5.000  00 

>teainlMineh 3,000  00 

UmlUiM  bomU 40,360  00 

^creen-boato 6,000  00 

Qoazier-boats • 34,463  00 

Barseft 275,127  40 

ime-dTiTers 142,661  76 

Maebine-flhop  bosU  (balance) 9,871  25 

Pnmping-boat 1,500  00 

Wbiteball  boatii 339  00 

idkilb 2,126  00 

ftfttoT  plaDt 17,246  28 

■niUaiieoaa  (anchon,  hoisting-engmes,  boilers,  oleotrio-light  outfits, 

pomp  and  derrick) 9,988  78 

spe 23,114  50 

568,201  97 

Of  ttk  amoiint  |14S,983.68  was  for  plant  now  in  nse  for  the  general  service.  An 
iHrind  statcmMnt  of  my  expenditures  from  December  1, 1882,  to  October  31,  1883, 
MHfMiies  this  report,  and  is  marked  B. 

Iki  ftOowing  ia  a  elaasified  statement  of  said  expenditure : 


or  XXFKNDITUBKS  BT  CAPTAIN  CLINTON  B.  SEARS,  EXECUTIVB  OFFICER, 
OUMI'MUCllOJf  DSPABTMBNT.  MISSISSIPPI  RIVER  COMMISSION,  ON  ACCOUNT  OF 
IRBOniAnON  FOB  UCPBOVING  UISAISSIPPI  RiVEIl,  FIIOM  NOVEMBER  30,  1^2,  TO 

OCVMXB  31, 1863. 

General  service. 


Fiif4oD 18,469  83 

Fttnitnre  and  oiBce  outfit 387  45 

BMieiiery 371  12 

tamportation  and  traveling  expenses 1, 400  85 

Inand  water 79  91 

B«t  and  tepaiis 679  70 

Qssandftiel 170  97 

Tekgraphing 344  75 

Mileage 1,289  06 

FMfinr  Captain  Sears 160  48 

.      113,354  12 

Coal  Fleet. 

iMirial  and  supplies |369  57 

RHtand  outfit 336  93 

bmportation 174  84 

\Am 16  00 

b J 7  59 

aasof  public  property 4,074  00 

IVite_ 30  33 

5,009  26 

Stone  Depot. 

bpsctionand  administration $13  50 

Ihlwial  and  auppMes 338  06 

nvtaad  outfit 1,453  90 

hiaiportation 14  35 

labor 2,681  00 

iMiieiiee 54  00 

4,554  81 

Steameb  Mississippi. 

QtoeKpenaes $46  51 

iHerial  and  supplies 2,133  99 

hA 33  21 

Riiiand  outfit 224  17 

Jnspottation  and  steamer  expenses 12,^32  85 

iMiis 1,517  42 

U6r.-... 094  59 

Uihliimiii ,.„.....; ,,.., 5,061  36 

^rfp»*HflVwpiv*rV.vn;....i ; 221  50 


Ins*.-;  oc  izd  fci-;--<r-i::.c »«11  (FT 

O^.,                -              3  00 

p-j^-                               i?7,195  63 

I,?r066 

V                                 -^ 686  18 

L.'l»r :. 20  00 

Ecfoirs  lo  plAcI •  9  50 

C»rt  of  pnblie  prepeny 18  50 

POE  PUT*  IVIST  REACH. 

Insp»:CT  ion  and  idm  mistral  ion tl,»i3  42 

Ofli«  n[>c[vs« 200  25 

Mstctial  and  Bappliea 64,662  67 

Fnei              ....: l.TKae 

PUDt ind ontfit 8e,596  T3 

Transportation 5,674  28 

BepuiB  to  plant 6,989  03 

LaEoT m  49 

AnbsUipnce           32,191  S6 

Care  of  public  property 622  00 
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lOB  KBMFBIB  BEACH. 

Id  admiiiistntioii |1,250  16 

es 2  00 

sappliM.... 12,956  21 

tut 121,791  54 

on 5,712  24 

Aot 407  45 

115  50 

1,277  92 

Lo  property 260  65 

1143,773  67 

FOB  LAKE  PBOVIDBNCE  BBACH. 

nd adminirtntiaii $1,934  49 

808 13   10 

Isapplias 35,855  35 

_ ^ ^,.^ ^ 344  00 

itfitV.ir//.!' ''r.  wv.  \.v.  .w.wv.v.  !r."'  v.wv.  144. 152  84 

ion 13,064  08 

iljuit 2,734  68 

432  54 

27,257  94 

Liepropcoty 586  46 

226,875  48 

aeeonnt  on  impzoving  Miariflrippi  Biver 853, 133  57 

XV  BZPBMDrrUBBS  OK  ACCOUNT  OF  AFFBOPBIATION  FOB  IMPBOVINO  HAB- 
r  HBW  OBLKANS,  LA.,  FBOM  NOVEMBXB  30,  1882,  TO  OCTOBEB  31,  1883. 

md  adminifltratioD $299  67 

IMS 10  00 

Isapplies 3,290  03 

ntfit 24,460  97 

ion 677  50 

ilant 159  30 

168  97 

497  45 

>lio  property i 6  00 

29,569  89 

OF    KXPENDITDBKS    ON   ACCOUNT    OF    AFFBOPBIATION    FOR    IMPROVING 
'  BBD  BIYEB,  LOUISIANA,  FBOM  NOVBMBEB  30,  1882,  TO  OCTOBER  31, 1883. 

UM8 $10  00 

Irapplies 277  15 

• 614  62 

ntfit 4,524  00 

56  37 

910  60 

;ion 26  00 

Uc  property 10  00 

6, 428  74 

CLASSIFIED  SX7MMABT. 

or: 

Ddontft $574,189  46 

a  and  supplies 126,043  44 

enoe 73.122  11 

ortoti<m 65,439  76 

ito  plant 12,866  00 

Id  gas 8,946  43 

•xpenses (inolading pay-rolls) 8,848  68 

f public  property 6,007  10 

^on  and  admiuistration 5,342  31 

5,167  33 

;© 1,289  06 

uidispairs 679  70 

lure  iod  offlee  outfit 387  45 

•nery 371  12 

Xtfidnm 344  75 

ttiwater 87  50 

889,132  20 


aESKRAL  SUHMART. 

Improving  ha rlior  at  New  Orlenna,  La ("20,569  89 

roriuipTQvJng  mouth  of  Red  Bivcr,  Loaisiana 6,428  74 

For  Now  Madrid  RiiBcIi I»0,264  54 

For  New  Madrid  Reach,  proportion  of  geoeral  service 4,605  84 

194,  a 

For  Plum  Point  Heacb 202,486  93 

ForPIuni  Point  Heacb,  proportion  of  genoral  service 38,144  57 

2*0.8 

For  Memphis  Reach 143,773  67 

For  Memphis  Beach,  proportiou  of  general  service 8,837  91  J 

151^4 

For  Lake  Providence  Roa«li 226,875  48  I 

For  Lake  Providence  Reach,  proportion  of  general  aerylce..      38, 144  57  ] 


889,1! 

The  above  arouant,  J89,732.89,  for  the  general  service,  has  been  divided  up  u 
the  several  allotnienta,  06  sliown  in  the  genpral  summary.  Whenever  an  Bipenft 
bail  been  apeciHcaliy  for  any  partiuukr  reach,  it  baa,  of  counw,  been  charged  t"> 
reach.  There  have  been,  however,  lar^o  expenditures  whieh  it  baa  beeu  iuipo« 
without  oompHcating  accounts  very  serionsly,  (o  definit4!ly  oasi^n  to  any  pirtu 
allotment.  These  I  have  divided  atuoug  the  several  allotments  in  proportion  to' 
respective  amounts,  duly  considering  the  service  each  reach  hns  received. 

When  towing  for  Red  River  and  New  Orleans  has  been  done  by  tbe  general  Mt 
ateamors,  the  necessary  expense  has  heeu  met  by  aHsiguing  suSciont  of  the  rant 
of  aaid  ateamers  for  payment  by  these  appropriations,  lliis  method  of  dividinj 
general  «ervioe  expenses  is  inaccurate,  clumsy,  and  nnsatlBfaclory,  and  maka 
accounts  very  complicated.  I  wonld  recommend,  therefore,  that  if  another  appr 
atioa  bo  given,  a  special  allotment  be  made  for  the  general  service,  with  aatbi 
for  mo  to  draw  on  the  several  allotmenls  for  such  amonuts  as  cover  apecilic  rxpi 
tores  for  the  corroaponding  reaches.  I  would  further  recommend  that  tbe  otSa 
charge  of  the  fourth  district  purchase  all  hts  own  supplies  except  such  as  he  ma) 
couvenient  to  have  me  buy  and  ship,  as  stone  and  coal.  New  Orleans  is  a  bolter 
kflt  for  this  district  than  Saiut  lynnis. 

I  ijuminit  tlio  following  (inuuoial  statcinpnt  of  all  funds  expeuded  under  the  co. 
of  the  Hlsaiwippi  River  Commission  to  November  1,  1883. 


Statement. 


sun-  UiORI 

miou. 

ByCoplfliu 

■tt?hr 

Totil 

m  57^18 

fiSiS 

ISi 

B.i^„  m  h..a.  .™n.bi.  s.™b»  1,  uij . . . 

'■'"•' 

1.0.1.S 

a,' 

All  the  allotiuout,  ^ 


c,  $312,500,  li;iB  been  drawn. 

TLDU  rOIKT  ItEACn. 


TotiilioliiiTOcomitedrur I~ 

Expended 

BalmcesiBliand I 


0.5^2  11  »!!.«*  1 
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<jpiptop(ii>ittoii 


$1, 000, 000  00 
949,000  00 


51,000  00 

dUbmliig offloen 110,872  89 


1,1883 

imCFHIB  BXACH  ABD  HABBOB. 


160,872  89 


- 

By  Captain 
Sean. 

BrlC^jor 
Miller. 

TotaL 

$107,000  00 
102,870  04 

$125,000  00 
105^890  00 

$292,000  00 

HA^nVB^SS^t  •••••••••••••• 

268,200  04 

«-   «- m 

4,090  30 

l»,UO0O 

23,730  30 

Hi  ftom  emrsnt  Appcopziatiim $325,000  00 

292,000  00 


fnTroiwiTT 33,000  00 

in  hands  of  disbiixaing  officers 23,730  36 


l0  HoTmlMr  1, 1883. 


56,730  36 


0UBYBT  OF  HKLKNA  BBACH. 

^MaiorlfiUar $8,000  00 

•dl^JlidorHfflor 7,511  29 


I  «vai]ftble  UToTember  ly  1883 

m  wBeltiuBat,  TiS||8,000,  has  been  drawn. 

LAXB  PBOYIDIENCE  BEACH. 


488  71 


By  Captain 
Seara. 

By  Captain 
Marafiall. 

Total. 

am  bold  ttom  MprepriatioD  for  fleoal  year 

J«m»J0.1WI,     T^rV^ 

$10,232  11 
854,000  00 

$3,341  74 
459,000  00 

$13,573  85 

VB Traaaufjf  af  onznnt i^tpropiclatioiii...... 

813,000  00 

ba  aji  g  1  luitril  Ihr 

304, 233  11 
850.531  33 

402.34174 
447,714  50 

826. 573  85 

A 

807,245  92 

hanTf  taliMfl 

4,700  78 

14,627  15 

19,327  98 

nt  ftom  cnnvnt  appropriation $950,000  00 

813,000  00 

linTreasnry 137,000  00 

>  in  hands  OT disbursing  offioers 19,327  93 


ila  MoTomber  1, 1883 


156, 327  93 


VICSSBUBQ  HABBOB. 

bj  Captain  ICarshaU $50,000  00 

lad  1»y  Ciq^taln HacshaU 44,522  40 


»inhand 5,477  60 

mt from enrrent appropriation 100,000  00 

50,000  00 


linTreaaniy  .,. 
»  in  hand  .«•...< 


lie  Vovember  1, 1883. 


50,000  00 
5, 477  00 

55,477  60 


'-^cz.^^"*^ 

Ey.C««ii     BrlUioraick- 

Tttri. 

s^r„:,^'"''~'  ■"'^*~ 

1  ii  -1          rr.  3SS  « 

tr.mtf 
aw* 

'■"^^^ "  '^ 

i;  5ti;..'.-is---:ii 

■'"-"        -=^ssi«^ 

-ua« 

•  ■.-^^-  ~~, 

■^^  -'^*"*=  *■  --'^ 

^.'11  -,  .-„^.- 

.     37,^1** 

-14  15S» 

-   3f.i4i:t 

3rniX   TT ^REPORT  OF  MISdISSIPPI  RIVER  COBfMISSION.      2701 

KATCHBZ  AKD  VIDA.LIA. 


By  Captain 

MillAT. 

ByH^JorStick- 
noy. 

TotaL 

■bto  JvBB  M,  1882,  Ihmi  Itomer  appropriftiloiis. . 

$8,252  04 
722  05 

t8.252  04 

$2.197  67 

2,920  62 

•7,529  09 

—2, 197  67 

5  331  42 

'Timiufeicred  to  lC%)or  Stickney,  September  0, 1882. 


OBSERVATIONS  AT  CARROLLTON,  LA. 

hb  aUotment  of  {3,000  from  the  appropriation  for  improving  Mississippi  River  has 
m  drawn  and  exiiended  by  Minor  Stickney.  The  observations  are  now  being  car- 
L  OB  with  an  allotment  from  the  appropriation  for  Mississippi  River  Comuiisaion. 

8UBTBT  OF  JJSIXVEXD  FRONTS  IN  THIRD  DISTRICT. 

VyCaptaiii  Marshall 81,000  00 

by  Captain  Marshall 496  96 


available  November  1, 1883 

IH  ihb  aRoiment,  viz :  ll^OOO,  has  been  drawn. 


503  04 


8UBTBT  OF  UVUEVBED  FRONTS  IN  FOURTH  DISTRICT. 


of  which  has  been  drawn  or  expended. 

SURVEY  OF  CUBTTT'S  GAP. 


nm  bv  Mi^Jor  Stickney. . . , 
MMM  by  Mi^or  Stickney 


Balance  available  November  1, 1883 

n  tbe  allotment,  viz :  (300,  has  been  drawn. 


$1,000  00 


1300  00 
137  14 


lOi  86 


DELTA  POINT,  LOUISIANA. 


■Dce  from  another  appropriation $25,770  13 

ilment  from  appropriation  for  improving  Mississippi  River 50, 000  00 

Available  Jane 30, 1882 75,770  13 

panded  by  Captain  Marshall 75,7()2  49 


Balance  on  hand  . 
m  work  is  finished. 


7  (54 


CHOCTAW  BEND  SURVEY. 


■wn  >y  Captain  Marshall $2,700  00 

9nded  by  Captain  MarshaU 2,079  86 


Balance  in  hand. 


20  14 


from  cnrrent  appropriation 4,000  00 

2,700  00 


Uanee in  Treasury 1,300  00 

Manoeinhand 20  14 


I      Ui 

1     ^^ 

jMlAlafiir  transfer  to  other  works  • 


1,320  14 


rr 
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SUMMARY. 

blditaMnto ^,978,800  00 

Biitod  ted  In  Traasaiy 144,200  00 

pMlsd  and  in  bands  ra  Captain  Sean,  from  sale  of  fael  to  himself.  126  00 

amnopriation 4,123,120  00 

JhimlMtaiipropriation 26,230  8(> 

oUier  appropriations 272,G2ti  38 

4,431,985  24 

fiir  as  fbllows:  * 

8.  Tkttaanxjy  not  drawn 607,025  90 

3,433,71604 

diabaiainii; officers 391,243  30 

4,431,985  24 

Korember  1, 1883,  for  works  curried  on  uiider  the  Mis- 
Sim  CommisBion 998,269  20 

pontion  of  this  available  balance  will  be  ezliausted  by  Jannary  1, 1884. 

amount  of  public  property  to  be  taken  care  of,  and  the  uncertainty  con- 

tima  when  another  appropriation  will  bo  made,  makes  it  desirable  to  re- 

it  fonds  to  amply  provide  for  sachcaro  of  property.    I  would,  therefore, 

to  tbe  Commission  that  the  work  on  the  several  reaches  be  brought  to  a 

oaily  date,  and  the  forces  be  reduced  to  the  lowest  point  compatible  with 

piotection  of  the  works,  the  care  of  pubUo  property,  and  the  settlement 

wUeh  ia  respectftilly  submitted. 

Clinton  B.  Scars, 
Captain f  EngineerSf  U>  8.  A,, 
Executive  Officer^  dmetruction  Dep^t,  M»  B.  C 
OqL  C.  B.  Combtook, 

^EmgkMtnj  U.  8.  A,, 

l^mitiippi  River  Commiawian, 


^ 


r.    -       /     / 
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APPENDIX  /. 

taut  j.  o.  d.  kkighty  cobp8  of  rnoi^rrrs  upon  operations  in  tiib 

first  district. 

United  States  Enginker  Office, 

Cairo,  III,  Xorembtr  27,  1683. 

he  fol]owio|i|  report  is  sabmitt^d  io  coni]ilianco  witb  iDHtrnctions  of 
383,  to  send  immediately  after  October  31,  18^3,  a  report  of  work  done 
ds  controlled  by  the  Missiaaippi  River  Coiiuutasioii  biuce  the  date  of  luy 
ort  and  np  to  October  31, 16H3. 

levee  location  along  the  Saint  Francis  frout ;  (2)  the  improvoment  of 
d  Beach;  and  (3)  the  improvement  of  the  Plam  roint  Keach. 

SAINT  FRANCIS  FRONT. 

>y  1882,  infltroctioDS  were  issned  by  the  Commission  that  snch  surveys 
&  of  the  Saint  Francis  frout  in  the  first  district  as  would  render  it  ]M)s- 
to  the  Coromisaion  the  cost  of  closing  all  gaps  in  the  levee  to  the  old 
at  front ;  bnt  no  allotment  out  of  which  to  pay  the  cost  of  sueh  surveys 
1  November  19,  when  $5,000  was  allotted  for  the  survey  of  so  much  of 
icis  front  aa  lies  in  the  first  district.  Two  days  later  the  Coumiission 
ctiona  for  the  surveys  of  new  levees. 

vee  that  conld  be  ntiliased  in  the  const  ruction  of  tlie  now  amounted,  in 
:t,  to  bnt  1  per  cent,  of  the  volume  of  the  eutirt*  work,  instead  of  for 
I  the  old  levee,  the  required  estimate's  were  for  virlually  building  a  now 
M  front ;  hence,  the  instructions  of  the  Commission  as  to  snrveys  for  new 
tcidedly  applicable  to  this  work. 

r  a  small  party  was  sent  out  to  commence  the  lociilion  :  but  as  it  was 
it  its  instractions  were  not  sufficiently  eoni]ireh(ii.sive,  iind  as  fuller  in- 
pssitated  a  diflTerentlj'  organizc<l  party,  the  lirst  was  recalled. 
lys  and  estimates  conld  not  be  made  in  time  for  the  Inst  annual  report, 
a  deferred  nntil  after  the  high  water.  In  the  spring,  ]>roi)o>itionM  were 
varions  parties  to  make  the  rctiuired  surveys  at  ]iriers  \arying  from 
r  mile;  and  the  lowest  proposition,  that  of  Civil  Kn;;iii<  it  IT.  N.  Pharr, 
:.,  accepted.  His  party  started  out  about  June  1,  Ij^KJ.  from  Bird's  Point, 
(rented  the  work  with  energy  until  it  was  stoj^ped.in  IIm*  bend  above 
»y  hi^h  water.  Resuming  in  July,  Engineer  Pliiiir  earricd  on  tht>  loea- 
ipletion.  The  level  notes  and  proiiles  w«'rr  received  in  Septenilier  ;  the 
r  passed  without  the  plotted  location  coming  to  hand. 
tximate  estimate  the  following  ligures  arc  given,  to  be  followed  by  a 
rt  when  additional  data  are  at  hand  : 

>  to  be  leveed miles..  228. %*) 

5 1»»  be  cleared do 1 14.  f) 

ire  levee cubic  yards..  9,000,000 

levee  available do 1)0, 000 

th  to  be  moved do 8,010,000 

earthwork  at  25  cen's  per  yard,  clearing  at  ic^JJO  per  aere — the  nnmber 
estimated  aa  750— and  cost  of  surveying  and  inspection  at  Sr>0,000,  the 
^ost  of  leveeing  so  much  of  the  Saint  Francis  front  us  is  in  the  lirst  dis- 
2,:i01,000. 
:  exi>cnded  under  the  allotment  is  as  follows : 

and  draughtsman ^'^f  009  36 

stationery,  and  maps 220  05 

ops 9  50 

8  00 

3,312  91 

STATEMENT. 
$5,000  00 

in  above  statement 3,312  91 

»  on  hand  November  1,  1883 1,<W7  09 
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Btmnt 1700,000  00 

oderred  to  Plum  Point  oUotment ^300,000  00 

■iMfened  to  Lake  Providence  allotment 187,500  00 

bnncd  by  Captain  Sean 204,572  16 

bmed  by  Captain  Knight 4,498  95 

696,571  11 

Balance 3,428  89 

in  handa  of  Captain  Sean  November  1 |2,427  84 

in  handa  of  Captain  Knight  November  1 1,001  05 

3, 428  89 

hoagh  apparently  it  is  not  contemplated  to  begin  work  on  the  Now  Madrid  Roach 
h  any  portion  of  the  appropriations  hitherto  made,  the  still  exiHting  noccsoity  of 
impiovement  of  this  reach  cannot  bo  donbted.  Daring  tho  low-water  Bcasoii  just 
Md  it  baa  been  marked  by  throe  of  the  most  troublesome  plac4',s  between  Cairo  and 
■pbiti  vis:  Phillip's  Crossing,  Point  Pleasant,  and  Tipton vi lie.  Shoal  water  and 
taoos  channel  have  characterized  these  places,  and  the  latter  vicinity  has  been 
ifcad  by  lose  of  property',  delay  of  steamboats,  and  many  channel  changes.  It  will 
itfane  to  be  eo  onaracterized  until  the  extremely  unstable  banks  from  New  Madrid 
HplonTiUe  be  protected  from  the  assaults  of  tho  river,  and  tho  channel  otherwise 
id.  Tlie  locality  is  an  excellent  one  for  a  cmciul  test  of  any  system  of  bank  pro- 
liiii.  mach  of  the  river  bank  being  sandy  and  high. 

feoud  the  Conuniasion  consider  the  advisability  of  work  of  river  improvenieut  else- 
en  than  where  already  commenced,  I  would  suggest  this  field  as  one  where  im- 
pranent  is  urgently  demanded. 

PLUM  POINT  REACH. 

fna  December  19, 1682,  to  Jnno  6,  1883,  First  Lieut.  T.  W.  Symons,  Corps  of  £n- 
mtn^  waa  in  local  charge  of  work  on  this  reach.  On  his  aceo]iting  other  duty, 
ited  States*  Assistant  Engineer  A.  J.  Frith  resumed  charge,  and  has  Hiuce  retained  it. 
faee  the  date  of  my  last  report,  additional  dikes,  shown  on  the  maps  of  the  reach 
Mxed  (Plates  U-V),  and  as  follows,  have  been  ordered  by  the  CoiiiniisAion  :  Two 
km  la  and  16,  between  dikes  1  and  2,  at  Gold  Dust:  dike  4,  in  Osceola  Chute,  and 
ke  3,  in  Ballerton  Chute. 

As  dikes  in  course  of  construction  at  that  date  were  those  at  Gold  Dust — the  main 
ke  and  cron-dikes  1  to  &--the  Osceola  middle,  and  Osi'eola-Bullerton.  Later  work 
I  tbe  upper  Osceola  was  nmumed.  Osceola  crons  No.  1  was  cuninienced  Mareh,  188!); 
Mela  CTon  No.  2,  April,  1883;  Osceola  ctoks  No.  3,  March,  If^S'^;  liullerlon  (toss- 
kiNo  1,  June,  1883;  Plum  Point  main  dike  and  No.  1  crosH-diku  in  September,  1883, 
li  Ho.  2  cross-dike  in  October. 

Of  the  dikes  ordered  or  approved  by  the  ConnnisHion,  the  followiu;;  have  not  been 
■OKueed:  Osceola  cross  No.  4,  Bullerton  er<»HH  No.  Uj  and  Plum  Point  cross  Xoh.  3, 
,tnd  5.  08c«K)la  cross-dike  No.  4  was  ordered  June  3^,  \t^Ji\),  hut  lis  coitNtniction 
Mid  not  be  carried  on  at  low  water.  Bullertun  eTosH-dike-No.  2,  ordeii'd  at  th(^  Hamo 
fane, could  not  be  put  in,  iis  the  attempt  so  to  do  would  havo  interfered  with  tlie  une 
ftaeonly  navigable  channel  near  Bullerton  Tow-head;  the  IMum  Point  dikoM  were 
lifefred,asmy  project,  in  which  they  were  incorporated,  was  umirovtMl  MibJ(M-t  to  tiie 
pvyiso  that  tbey  lie  noT  undertaken  so  long  as  the  plant  can  be  em])Ioycd  ehsfwhere. 
■ktle  projects  submitted  from  time  to  time  covered  bank  protec-tiou  of  tlie  Ten- 
HMeuore  from  AshiH)rt  to  Gold  Dust,  of  the  Arkansas  Khore  from  Mill  liayou  to  upper 
PfeBQola  Chute,  and  from  Bullerton  Chut4)  to  Craighead  Point,  of  upper  and  h)wer 
ObBnlaBars,  of  Bullerton  Tow-hc4id,  and  Yankee  Bar,  to  attem]>t  to  protect  more  than 
IdlHton  tow-head  has  been  found  impracticable.  That  this  should  be  protected  was 
',  as  the  bar  in  front  continually  crowded  the  water  over,  thus  threatening; 
icvttiDg  in  two  of  the  tow-head  ;  also  as  tiio  river  persisted  in  establishing  for  this 
tlta  main  channel  in  Bullerton  Chute,  there  niiglit  have  Ix-en  much  wearin^r 
kyst  the  head.  Two  thousJind  six  hundred  and  ninety-four  feet  of  mattress,  with- 
iv^perbaiik  protection,  wero  built  at  Ashport,  and  ho  far  have  served  to  prevent 

'MfollowiDg  table  shows  tho  amount  of  work  reported  at  each  )daee  and  the  amount 
iks  setuslly  standing,  as  shown  by  tho  reports  of  Assistants  Gender,  Marx,  Nolty, 
TcsKCT (Appendices  J2-J  5)  and  the  plates  thereto  annexed  (Plates  II-V).  The 
Rics  between  the  two  items  serves  as  a  basis  fur  determining  the  total  amount 
>«&  destroyed,  not  limited  to  the  past  year,  and  the  estimated  value  thereof, 
ff^y*  are  bised  on  tliose  given  later  in  a  table,  sbowiug  the  amount  and  cost 
'A  v«A  on  this  teach : 
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to  the  pile-work  resnited  from  the  weak  forms  of  dike  firHt  used,  from 
lete  oondition,  and  from  irresiBtible  scouring  action  of  the  river. 
',  work  consisted  of  bents  formed  by  palling  over  and  fastening  at  the  tops 
ling  piles  of  two  parallel  rows;  2,400  feet  of  this  was  removcil  by  scour  in 
«  of  ft  foot-mat.  Later,  dikes  of  piles  braced  by  single  inclined  piles  and 
lal  atriDgers  were  tried  and  found  wanting;  the  one  at  Ufiper  Osceola 
tug  been  almost  wholly  broken  off,  though  not  before  it  hail  iudnce<l  niucli 
the  head  of  the  chute.  Then  was  tried  a  form  shown  in  my  report  of  It^, 
,  as  was  shown  by  its  experience  with  the  high  water  of  last  spring.  A 
[ilaoned  by  United  States  Assistant  Engineer  A.  J.  Frith,  has  been  adopted 
MTDt,  and  will,  it  is  thought,  prove  sufficiently  strong. 
cm  tne  dikes,  even  if  finished,  being  too  weak  to  resist  the  great  strains  to 
y  have  been  subjected,  there  was  the  desire  to  take  advantage  of  favorable 
rftter,  which  resulted  in  the  pil^- work  being  hurried  ahead  too  far  in  ad- 
ta protecting  mat- work;  and  tf hen  rising  water  came,  there  came  with  it 
dnfl.  which,  at  the  same  time,  both  prevented  mat  constniction  and  in- 
ir.  Finally  2,500  of  the  3,300  feet  of  Osceola  middle  dike  were  carried  away 
rer  soddenly  scouring  out  a  volume  having  a  cross-section  of  1,200  feet 
SO  depth.    Even  the  foot-mat  along  its  front  failed  to  stay  this  scouring 

to  the  bank  protection  has  resulted  from  three  causes:  Chiefly,  the  at- 
rork  at  too  hieh  stages  of  the  river,  in  consequence  of  which  the  mattress 
ler  protection  nas,  by  rising  water,  been  carried  to  the  tops  of  banks  and 
inded  so  high  as  to  aomit  of  undermining;  secondarily,  water  seeping  from 
iooa  in  pools  and  above  comparatively  impermeable  strata  has  induced 
rear  of  high- water  protection ;  and  in  a  very  few  cases  the  mattress  or  its 
WTO  been  found  too  weak  to  bear  the  strain  brought  upon  them  by  rapid 

ition  is  natnrally  suggested,  is  a  repetition  of  this  great  damage  to  bo  ex- 

e-work,  the  answer  is,  no.  The  height  of  the  tops  of  dikes  having  been 
OS  drift  will  accumulate  against  the  dikes.  A  i-areful  following  up  of  pilc- 
bmah-work  and  mattressing  of  openings  before  closing  them  will  diminish 
ility  of  scour.  The  increased  strength  given  to  dikes  will  inci*ease  their 
and  eqnallv  beneficial  results  may  1m>  expected  from  a  reliance  on  cross- 
nne  cases  where  longitudinal  have  been  used,  as  in  the  case  of  Osceola  mid- 
Damage  to  this  was  exceptional  in  its  cause,  and  how  to  guard  against  like 
ot  yet  known. 

ok  protection,  loss  may  be  avoided  by  abstaining  from  efforts  to  build  a  low- 
lection  during  high  stagesi,  as  then  such  work  could  onlj'  be  done  with  auy 
icceaa  along  a  bluff  shore.  Mattresses  can  also  be  strengthened  to  stand 
its  so  far  experienced.  Seepage  water  is  more  troublesome.  Drainage  of 
be  attempteid  in  favorable  cases;  but  more  likely  the  true  remedy  is  an  ex- 
fiat  slope  above  the  line  of  exudation. 

iwing  table  gives,  as  nearly  as  it  can  be  made  from  data  in  this  office,  the 
id  cost  of  all  work  on  this  reach.  The  exceptionally  high  cost  of  Buller- 
Ltke  No.  1  is  due  to  deep  and  rapid  water;  that  of  the  Plum  Point  dikes, 
>  the  fact  that  much  work  thereon,  being  incomplete,  can  only  be  estimated. 


aetioBof<— 


dikes 

kM 

im 

1  bank  protec- 

ar  bank  protee- 

•  ••••••**• •  •«••• 

•r  bank  pntoc* 

'iii\V^V..'.V.V. 

Uk« 

kaa 

IlkM 

■kptoleeUoB .. 

I 


Labor  in 

construe- 

tion. 


Hateriol 
for  con- 
st ruction. 


Repair  and     r„^.  „<•       Steamer 

;Sub8istcnco. :    outfit  of  '  „^;^!^^*    '       nna 

plant.   'P">port>.  ^^^^^^^ 


$5,167  26  I  $5,416  11  !   $1,078  80   $7,95i  00 


13,537  38 
19,850  59 
32,766  68 


9,497  35 
15,  H76  60 
30,427  80 


11,392  93'   8,504  80 


5,818  27 

9,437  90 

10. 260  52 

17,866  67 

85,280  05 

5,187  05 


216^074  31 


4.961  no 
9,850  63 
8,955  10 
14. 370  00 
70. 6>0  53 
5,527  27 


3, 179  70 
5,371  ISO 
7,890  80 


2,040  00 

1,004  10 
2, 2.'M  80 
2.406  00 
4,011  60 
1H,010  50 
1.402  L'O 


193, 073  31  ;   50, 740  50 


17, 878  00 
28,  aiO  00 
•18.480  00 


$1, 106  22  I   $3,  G15  28 


2, 621  44  1 
4. 110  77  , 

7, 108  54  ; 


1.-,  570  00   2,  283  84 


8. 104  00 

14,  074  00 

14,710  OU 

25,  i:i4  00 

128,002  94 

8.208  00 


1, 188  .34 
2, 15->  34 
2, 162  23 
3, 685  43 
18,013  05 
1. 211  65 


317, 836  94  j  45, 704  47 


8, 120  46 
12,74.3  38 
22, 036  42 


7, 070  82 

3,683  85 
6, 670  00 
6,703  00 
11,424  83 
55. 400  46 
3,  r.A  35 


141, 301  85 


4*       t 


s 


13:4 


Ik    I 


S        I. 


2.  3r  f 


?'anf 


r-. . 


;    •    -"-T   -="^4^         7*1?-    I.-TT.    "TLO: 

T^T  iT'lfE  -ilr.  ■*: :   i^  :<  -  m-r*  Uiiii  *r 


■a* 


X   TT ^REPORT  OF  MISSIfiSIFPI  BIVER  COMMI88IOK.      2761 

obflbly  due  to  theeantraotion  pxoduoed  by  the  uppeir  And  lower  sectioiu  of 
.-BaUerion  dike.  It  is  true  that  an  effort  was  made  to  join  tbcoe  sections. 
ffort  met  with  soecess^  it  is  believed  that  diverting  a  large  portion  of  so 
Ly  of  'WWktf&g  as  that  goins  through  Ballerton  Chute  wonid  not  have  failed 
ilts  St  this  crossing  eqaiuly  good  with  those  obtained.  In  front  of  BuIIer- 
id  there  has  been  rather  a  redistribution  of  material  than  an  increase  of 
w- water  area ;  but  this  redistribution  has  been  such  that  the  dee[>er  water 
coincide  witn  the  desired  new  cliannel.  When  the  Plum  Point  system  of 
re  nearly  completed,  I  can  see  no  reason  for  doubting  that  there  will  be  a 
at  leaat  ten  feet  at  low  water  in  front  of  this  tow  head, 
tely  behind  the  Gold  Dust  main  dike  the  bar  crest  has  raised  10  feet, 
am  12  to  85  feet  above  the  level  of  the  low  water  of  1879;  the  latter  il^iin) 
on  the  first  range  above  Elmot  Bar,  No.  31.  The  fill  runs  out  to  nothing 
eet  in  rear  of  the  dike. 

ation  of  the  results  gained  is  rather  premature.  Over  tlio  greater  portion 
h  the  works  are  in  too  incomplete  a  state  to  be  Judged  by  results.  Sue)) 
should  be  deferr«d  at  least  nntil  dikes  in  course  of  construction  are  com- 
1  the  Arkansas  shore  from  Mill  Bayou  to  Osceola  Chute,  Osceola  Bars,  and 
rowhea«l  are  revetted. 

"e  given  the  works  so  far  planned  and  still  unexecuted,  and  an  estimate  of 
their  completion : 

vetmenty  19,600  feet,  attl2 f235/i00  00 

revetment,  '^500  feet,  at  $12 i^,240  00 

ITS  revetment,  13,720  feet,  at  $12 164,640  00 

ir  revetment^  7,840feet,  at$12 94,0):i0  00 

Point  revetment,  15,000  feet,  at  $12 180,000  00 

dikes,  10,300  feet,  at  $12.25 126,175  00 

itdikes,  19,250  feet,  at$12 231,000  00 

3.  3dike,  1,000  feet,  at  $12.25 12,s>50  00 

No.  1  dike,  700  feet,  $34.50 24,150  00 

No.3dike,  l,000feet,  at$SS> 25,000  00 

1,374,735  00 

irozimate  first  cost  of  plant  now  employed  at  Plum  Point  is  as  follows : 

$48,000  00 

••boats ^)^,:i2i)  (H) 

».boats 43,310  (H) 

oatXo.  1 5,5>(MJ  00 

oat  No.  2 4,700  00 

lie  graders eX),461  00 

Lvers 62,300  00 

ivers 10,610  (K) 

ivers 0,240  00 

tiall  boats 3:U)  00 

5:w  50 

5^^  00 

300  00 

Mat 11,740  (K) 

lug 0,500  (K) 

launch  (sunk) 3,200  00 

launch 1,500  00 

id  from  Plum  Point  allotment 3i>9,r569  50 

ne-shopboat $8,200  (K) 

rivers    26,625  00 

s 34,045  00 

ud  from  New  Madrid  allotment 6?<,870.00 

398,73l>  fH) 

STATEMENT. 

eat  from  appropriation  of  March  3, 1881 $500,226  67 

eat  bom  appropriation  of  August  2,  1882 1,000,000  00 

1,500,220  67 
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Wftter,  Ytaying  strata,  moving  braces,  fastening,  and  other 

fcwelye  piles  is  a  fair  day's  average. 
MBi^le  of  being  employed  in  45  feet  of  water  and  considerable 
'^  atiTing  is  diffioult  in  water  over  30  feet  in  depth  and  in  violent 


lafl^     At  the  oommenoement  of  the  year  we  had  in  all  six  mattress  boats: 
Ml  in  length  for  900-fbot  mattresses. 
tai  In  loDffth  for  100-foot  mattresses. 
Mtia  fannh  for  150-ibot  ra actresses. 

two  an  detignied  for  mattresses  with  a  wire  base ;  the  others  for  mat- 
in on  polea.  -we  have  since  received  three  boats  IGO  feet  in  Icugtb,  also 
Innm.  The  design  of  these  boats  is  not  exactly  uimilar  but  experience 
ftnfe  Uw  main  requisites  for  the  pole  mattress  are  an  ample  plattonii  on 
is;  waji  with  a  slope  of  1  foot  in  IH  feet  running  close  to  the  water,  but 
ifVW.tlieadge  of  the  barire,  also  capstans  ut  the  oudn  for  ready  handling, 
Inninhfirf  chocks  and  Kevels  for  fastening  lineH. 

mAu— There  are  now  in  service  twelve  qunrtor- bouts,  including  that  used 
§.  ItaKdqaaiters,  and  one  for  storing  HupplivH.    At  the  C4)mniencemeut  a 

S^on  an  ordixiazY  brush  barge  fullilbHl  all  retiuiremunts,  bnt  the  ineon- 
^isooniforts  of  ttiis  form  led  to  the  building  of  thit  typo  now  in  use,  and  in 
k  ondeaTored  to  combine  all  that  is  neceanary  for  the  health,  comfort,  and 
il  Miiihijf^s  Mobt  of  these  boats  were  buili  upon  the  works,  and  consist 
nal  baige,  the  hnll  of  which  is  used  for  kitchen,  Rtorcs,  and  dining-room, 
mdtm  eontaining  rooms  for  assistant  in  charge  and  forejnan,  and  sieei>ing 
IlienMn.  These  boats  are  provided  with  life  line  and  iloats,  and  buckets 
■mil  to  he  used  in  case  of  fire,  and  accommodate  124  in  all,  including 
k%  and  men. 
-Two  hydranlio  graders,  No.  2  and  4,  have  been  allotted  to  work  on  this 


imf[  the  foie  part  of  the  year,  was  in  use  at  Memphis,  and  was  later  held  in 
II  en  September  26,  when  about  to  be  used  in  Elniot  Chute,  it  was  sunk 
L    Ift  hm  ainee  been  raised,  and  is  now  in  progress  of  repair. 

luring  the  high  water,  been  in  almost  constant  use  during  the 
,  heing  highly  efficient  and  satisfactory. 

I  each  fitted  with  three  boilers  22  feet  long  by  40  inches  diameter  of 
i  ooamoond  condensing  pnmps  with  18  and  3(3  inch  by  24  inch  steam 
■A  IB  D^  94  inch  water  cylinders,  and  deliver  2,000  gallons  a  minute  into 
ft  boon,  leaehing  np  the  bank,  and  from  which  lead  the  hosi^  to  the  various 
■flifn  Two  IJ*  and  one  If  inch  nozzles  are  ordinarily  used,  with  pump 
110  pounds  and  nozzle  pressure  of  80  pounds,  the  etUciency  of  water  cylin- 
llMlfe  80  per  cent.  The  woven  cotton  hose  has  proved  in  ut:c,  the  most  re- 
I  gndor  has  removed  from  1,800  1^  4,000  cubic  yards  of  earth  ])er  day,  at 
OOitof  8.98  cents  a  yard,  including  wages,  coal,  subsistence,  &c.  Each 
ovlded  with  electric  lights  for  night  work. 

Do  mpoly  material  to  various  parties  there  are  used  fifty  barges,  100  by  25 
M  waller  haige,  used  for  coal.  Many  of  these,  constructed  with  a  view 
li^il  broah,  have  broken  down  under  the  heavy  willows  generally  fur- 
MMOneelTed  later  in  the  year  and  others  alterecl  here  are  better  propnr- 
by  6-tooi  gnnwales  and  two  4-inch  fore-and-aft'  bulkheads,  heavy  hoad- 
msBf  md  carry  150  cords  of  brush  or  200  cubic  yards  of  rock.  There  are 
l-aeiTice  barges  some  30  by  120  foot  barges  carrying  3^30  cubic  yanls 
however,  difficult  to  handle  in  heavy  currents  when  sinking 

1CBTHOD8  OF  CONSTRUCTION. 

dimeDilonBof  piling  used  during  the  year  were  increased  over  those 
iMiptod.  by  increasing  the  least  size  at  the  to]>  to  8  inches  from  6,  the 
Inn aitlie  foot  being  18  inches.  Cottonwood  piles  form  the  bulk  of  the 
li^ though  considerable  cypress  has  been  received.  The  piling  was  re- 
lllilaBdod  at  points  above  the  localities  where  each  piece  of  work  was  in 
irf^  'WiMn  pnetUsable,  dropped  in  small  sections  to  the  drivers ;  if  not, 
jpanlfc  loaded  100  to  140  of  them  on  barges  which  were  towed  to  couvoni- 
mMt  cortiiur  and  distribntion. 

1  of  mkee  used  in  the  early  months  of  the  year  is  shown  in  Plato  VI, 
of  7^  foet  between  each  truss.  As  a  considerable  portion  of  this 
with  Toor  permission  I  undertook  an  investigation  to  determine 
^Uahahoold  combine  an  equality  of  resistance  coupled  with  economy 
lUbcnl  foeUvof  safbty^and  of  proportions  that  could  be  maintained 
ralMi  The  dJi&onlty  of  detcrminin|$  exact  data  for  these  calculations 
%aAt!f  hrto  the  whole  subject ;  still  it  is  believed  that  the  form  chosen 


Hi 


.t..i:*r.  Ill  var\  iii»:  il*']!!!!"  (if  vfc-^r   -:i'-'THii*: 

■»       .'  «'( Nirui-lion  ttf  ia<lj  iii»"iijh»-j     ■   ._-"••'  iTT 

'*      ■•■  ■  i-.lr  liy  iln"  i»ri-N»'iirc  (»f  tb*-  v.^--^      >  t 

-    •      -Jriuliiui  tn  r«|ilai*' ;b'' V  ii>  <l     '•<  j  -  :*i 

X  .    .    .  .i^\  t-«Mi|i)iii|;  iif  till'  tihort  r'i«l*!  :    ••!  ":  *au 

«  ^:;jMo  siiil  jiiwiiivli  tli«"  *lik*'f'  ir-   :r*.~' 

■.'  .>Mi'  »'f  llio  iiHKl  ilitiirlllt  ^•^^:fc:l—  *; 
■V     .>:  llu' <liko  sr«  ii:>  to  hr  alf»li«' (i*  _    .      c 
•w^hs  i:m  il  (Turin;;  tlu' liiNt  inoLiL-    "! -'i- 

«  .    •%*.  ■>  .'I  Itrush  at  riuht  aii«;Kfr,  L'.M  T-r-r- 

,.'■    : )  :'.»  .»;■'.  ibt-  wlioli»  lirill^j  Slink  IkTt-.--.  ' 

■'.»i  1  •  :   iJ.iil  Kis.  liavr  nut  latt'ly  1*^1  -iii. 
....  •   ■•"  •»1:«  ^'  M  '1  I'l:;.  S.  A  lu'in^  the  jjrilia^r.  .ki 

!   .   :  .v  ,  .4    :i; !.-.  ,1:  i)n-  fitolMial  in  nil  but  main  tlik*^^. 
.  .   ... ..   V  .  1  4^v  .^•J^■■(    \]-r,^  :iir;»niri'*l  at  (Jtild  Dii.st  ihi*  yj- 

VK    <  !■<  Y   '%.  M   iniri  »  iii::;<:;i.  has  im>n  nmcK' frani  ^.1  Xm  Ta 

,    t  ...    i.iMs^.  J  In-  ;n«  liiifiil  ]in:  i;«wi  lHin^i«n|)port4td  on  pilis^ 

.-.^   ■    '.-ifi't'iM  >  i«'  ihn»w   tin-  I  i:m  ni  iijiwanlj*,  tbn»  in«l- 

■•    Hi.^».   1;  XX  I.nb  uill.  it  i>  Im'Ih  xf«i.  in«Toas<>  iu  a  niauD«^r 

■  .V  -i-.   *i  riliir.'ulvantnc;*' "f  toliowi!!^  npa  ticonrwirb  all 

•  I.-   «  Ijilt  tlu'  ti|>iM'<l  trrillajfi'  m  tbi*  n^ar  provi-ntj*  a  de.-< 

«.  ■■  s  f.'viu;:  a.'fion  of  ilrifi.  rxinrirnoiNl  with  portions  i 
K."*   n-*'  ji»>w  built  up  to  tbi»  l.Vt'ivit  sta.iri*.  rising  to 

■  x"'     .  V  w  b:«  !i  air  i^uanlcil  against  srourby  thoron;»h  utal 

.   ..:^i*  V  t'lu.  IV     Oil  bi«rb  <1ikrs.  an  iuimon.^  nt'tmnii 
,     .    «!iirb  ivnilnvil  all  work  at  this  sta^iMlnring  '. 

.    .    s  .         <»  ^•4:;v  .in  I'xtra  row  of  pilos  shonb)  W  driven 

.  .  s  .  :   -^   ■.;•!•  :l  niattivssos,  At-.,  arr  *Mnipb»ted.  afte 

...   ,>         * .  .i,  N  ;;n  It  is  not  ronsidcrt-d  a.<i  part  of  the  di 

X    .'-.  ^'  uiiU'li  tbi'  at-tnal  piv.<^ni>^  whii-h  is  ' 

x^     '..       *  X   •      J  "^  b»lii'wd,  but  that  thf  Aocumnlut 

>    V   X  ,     .-...■  N»l»arc«'  ii'id  cani«08  a soonr  lielow  im 

N  x  ^.  :*'.  strj!«  tnn».     If  this  s«our  can  l>e  j; 

X.        :■.  -*  v...«n,M»to  tbi'  rnrn-nt.  and  in  the  « 

*.  -.     *•,  .:•  :.  isiVV*  feet  wide  by  I/Xh)  ftvt  bi 

•.  V    ;.  .  r»iv  lioni  n*si>t.nuv  10  ino  lb>w  o 


>PENDIX   TT — BfiPORT  OF  Mf8Sl86If PI  R1V£R  COMMISSION.      27^7 

Isfonl  methoda  of  conttnictiDg  mftttresses  have  been  followed,  governed  by  tbeir 
■litMS  mod  tbe  work  they  were  expected  to  perform. 
tbmy  may  bo  duufied  m  follows: 
M»  Slum  mattreM  for  tbe  protection  of  the  banks. 
M.  BeTOtment,  or  protection  of  high-water  slopes. 
M.  Foot  mattras,  for  protection  of  dikes. 
Nh.  Tlppod  mattrees. 
btt.  Grinage  mattrees. 

Ut.  Bhore  mattresMS  for  the  protection  of  caving  banks  have  been  made  in  w  id  lbs 
■yiD^  Irom  100  to  150  feet  and  lengths  governed  by  the  difflcnlties  in  sinking.  When 
p  partiealar  danger  is  to  be  anticipAted^  this  niattrcRs  may  bo  continnons  to  alnuwt 
0  length.  Two  varieties  have  been  in  use :  Ist^that  used  1>y  Mi^or  ErnHt  below 
inrt  Lodis,  where  the  willows  are  woven  on  poles,  preferably  of  sycamore,  7  t^i  b 
■I  apariy  Plate  VII,  Fig.  5,  and  forming  a  stitf  and  strong  mattress,  of  which  170 
■I  a  day  have  been  mniie  with  light  bnish  and  under  favorable  circumst«ncos.  This 
jitw  is  tamy  of  coustmction  and  has  been  mostly  used  during  the  year. 
•WL  11ieT<e  has  also  been  used  along  the  face  of  BuUerton  a  lOO-foot  mattress  woven 
la  wire  baaOt  the  willows  beiny  interlaced,  as  shown  in  Plato  VII,  Fig.  0,  forming 
ittiiM  which  is  extremely  pliable  and  hence  more  easily  sunk.  It  is  not  so  easily 
Milracted  as  the  first,  but  a  slightly  sreater  average  length  a  day  has  been  obtained. 
lbs  m^jori^  of  brush  fbmished  lately  has,  unfortunately,  been  too  large  and  heavy 
iflbtain  the  beet  results. 

'Al  tbe  shore  mattresses  are  made  they  are  guyed  to  the  shore  by  1^  to  2  inch  lines, 
^jlUk  aie  lemoved  as  they  are  sunk. 

lUb  ■attreases  aYe  fastened  to  the  shore  b^  wire  cables  or  wires  at  frequent  inter- 
pitaad,  when  necessary,  piles  have  been  driven  through  the  mattress  to  prevent  any 

K^Vhen  a  atreteh  of  mattress  1,000  or  more  feet  in  length  is  to  be  sunk,  great  care 
"^'illie  used.    In  light  currents  the  most  rapid  and  easiest  method  (Plato  VII, Fig. 
to  commenGe  sinxing  at  the  head^  keeping  the  inner  side  of  Ibe  mattress  hunk  a 
'  in  advance,  and  carefully  sounding  to  hoc  that  it  does  not  rise  after  tho  force  of 
mentis  removed.    It  will  l>e  perceived  that  tho  weak  point  is  in  the  comer  (A) 
the  sharp  bend  tends  to  break  tho  poles  or  willows,  and  where  there  is  nothing 
the  downward  pull  of  the  current  but  the  Dotation  of  Iho  mattress. 
tbe  water  is  very  rapid  it  has  been  our  practice  to  commence  sinking  at  the 
end  CPlAte  VII,  Fig.  8)  where  the  hhore  side  is  also  kept  sunk  a  little  ahead. 
■ecMWtates  the  drawing  of  stone  barges  up  stream,  which  even  in  tho  slack- 
behind  the  mattress  is  troublesome  and  takes  much  time;  still  it  has  proved 
the  oaliBr  method,  as  there  is  little  chance  of  sharp  bends  and  broken  willows 
rihe  Ion  b^  collapsing  of  an  entire  mattress  from  a  single  accident.     It  is  believed 
with  this  method,  when  the  mattress  is  made  sufficiently  strong,  especially  on 
Iter  edge,  and  has  been  suflicicntly  guyed,  that  a  collapse  or  entire  loss  is  simply 
aible.    In  October,  18^3,  on  Bnllerton  1,800  feet  of  mattress  were  sunk  in  40 
iof  water  with  a  five-mile  current.    This  mattress  was  built  on  a  netting  funned 
! vile  cables  such  as  were  used  on  tho  dikes;  still,  at  first,  it  proved  too  light  and 
yet  bat  75  mnning  feet  were  lost.    It  was  then  strongthened  until  we  had 
cables  on  the  outer  edge  and  extra  poles  and  wire  on  the  outer  50  foot,  when  it 
wak  in  place  in  perfect  shape  without  difficulty. 
have  been  extremely  fortunate  in  sinking,  and  except  when  a  mattress  was  torn 
from  its  fastenings  by  drift  at  high  water,  but  very  little  has  been  lost.    Great 
wwerer,  is  always  necessary  to  see  that  the  rock  is  uniformly  distributed,  and 
iths  nattifSB  is  thoroughly  down  in  every  part-. 

■rnsttranes  have  averaged  from  one  half  to  thrce-fonrths  of  a  cord  of  brush  to 
^MDH|iiarB  feet,  which  is  sunk  with  from  three-fourths  to  one  and  one-f<milh  cubic 
'^  of  rock,  moro  being  necessary  with  the  second  method  of  sinking  than  with 
9L 

Betetment  for  the  protection  of  high- water  bank,  which  should  previously 

.  iM  to  the  required  slope,  is  composed  of  u  frame  of  st^ut  polos  with  12  to  15 

[^Uffcs  (Fig.  4)  well  wired  at  the  intersections ;  over  this  a  heavy  layer  of  brush 

tbni  a  second  frame  on  top,  the  whole  being  sewed  and  wired  tbroiigh  and 

This  is  to  form  a  base  for  n  covering  of  roek  pUicctl  almost  in  juxtaposition, 

fnqoently  we  have  been  obliged  to  eontont  ourselves  with  jnst  sufficient  rock 

^bnuh  in  place.    The  groat  enemy  of  a  revetment,  is  the  flow  of  subsoil  water 

athehsnk;  the  drainage  of  low  lands  in  the  rear  has  greatly  lessened  this  evil. 

Foot  mattresses  placed  at  the  foot  of  jhIc  dikes  have  been  made  from  50  to  100 

ride,  sad  in  construction  do  not  differ  from  those  made  for  protection  of  tho  bank. 

uecsfily  sunk  even  in  rapid  currents,  by  stalling  at  tho  head  and  keeping  the 

-^•f  tbe  mattress  in  the  cenoral  direction  of  the  current. 

^  sod  fith.  Tipped  and  crillage  mattresses  have  already  been  thoroughly  discussed 
^tbe  head  of  dikes.    To  sink  the  former  in  heavy  currents,  especially  when  the 
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•h7«cxion  of  ih«  dike  is  »€tom  tbtt  flov  of  tlie  most  lapid  water,  they  have  been  mil 
:r.  -h'T'  ^ectioLa  thoroa^hly  fiMeiicd  with  lines,  and  the  inner  edge  rank  until  tk 
?.;;>->rt:r.z  wiiv«  ^n  in  tension  when  the  etiffutwa  of  the  mattrpsB  allows  ths  obIv 
ctic«  -•>  ^•*  <lown  withoat  much  uoable. 

QUARTERnrG  JlXD  SCBSlSTtSQ  OF  XKX. 

^r.L  'ir  larsre  t'-rce  of  Iab>«}iers  employed,  it  became  necessary  to  attend  totb 
r-=.:'  r:.  i- Al-h/and  KifeCT  of  tho  men.  and  it  is  believed  that  the  fonn  of  qiisil» 
l«-4:  A.rvAdr  n.e::r.on<iti  meets  all  that  is  required  without  unnecessary  expense. 

Ti-9e  V  a:.«  a:>r  G«rd  exclasively  by  the  mattress  parties,  each  qnartering  fnw  W 
:o  lu'  ::.<-n  ::;  ii'..  ^ho  are  provided  with,  and  held  responsible  for,  mattresses  ni 
'>«ii.zj.  B:>ta*'.,  fresh  meat,  and  ice  are  delivered  by  the  tow-boats  each  dsy,  ni 
i-.-ri  *:.  r-*  rv-ry  IC-  days  on  requidiiions  of  the  boarding  mast  on  in  charge,  ^ 
o'v  *  iTL.*!.  •r.&c^  T:.o:::h  an  accoant  of  the  amount  nsed,  number  of  meals  fumiihBi 
^  .  It  z:.  -^l'.k'l  '.hr  «:c^:  of  a  ration  U  deduced.  This  has  averaged  about  29 enll 
:   : :   -  Tj-^  *-•;  4'."-t  cent*  for  the  cooked  ration  for  one  man  each  day. 

£.^  :.  Ti.^^'irvrr  ha$  qcarten  for  its  foremen  and  crew,  while  every  fifth  driver kn 
t^lta  1  ..- :.'«:^::>>L9  for  kitchen,  dining-room,  and  fleet  foremen,  and  can fnrsiA 
-tA-  r  r  r.f:y  ci^-n. 

A  ^k-rTT  W^  'i.ui!t  a:  Flam  Point  to  furnish  400  to  500  loaves  of  Iresh  bread  adif, 
":  -:  -V-. ;   «.-h  -  Y»e  rrftx^ferrvd  to  floating  quarters  as  more  convenient  during  the  lii|^ 

Verr  r>f  *Tve<TniIIv.  roui  obedient  servant, 

Aothur  J.  Frith, 
Umited  SUitea  Atwiamt  Emgineer  im  ektup. 
Car:.  Joex  G.  P.  Kxight. 

m 

C-crj'*  of  JL'ssriaerrt. 


I  2. 

^£^:?r      F  vEOKOiE  W.  GEXDER.  ASSISTANT  KNGIXEER,  UPON*  OPERATIONS  AT  OOU 

DUST.  TENNESSEE. 

Gold  Dust,  Tenn.,  O^nAer  31, 18A 

Cattaiv:  I  hrtve  the  honor  to  submit  to  yon  the  following  report  of  operation!  il 
^'^■j  •:  I^  >:.  1 '  ::u. .  fn-m  December  1,  ISeS,  to  October  31, 1683: 

t  '^r  \rK-it':.':  co:it::t:o3  oi  the  work  at  this  point  is  represented  on  the  sketchlH^ 

-■    r '  ..  --• :'.':.  :'..>  :v>-»rt.  r*ate  III;  also  the  total  amount  of  construction  complelel. 

:  ^    :'  a':    .^.  .ir*.  ]>.;icrd  npon  the  sketch.    Stations  were  established eveiy  101 

T.r  .':>  .-»-  :":::*  '.  vdl::y  were  in  progress  on  the  1st  of  December,  Ift®,  andeos- 

.    -vl  ■'"  :^  :h>  ^:::.'j*:  With  such  intemiptions  only  as  were  made  necesesrybf 

:  .  V  r .  ■ :  >  ■  .*  j^  <!.  c  f  w  .i Tr  r.  Th  i *  yea r  has  been  remarkable  for  its  protracted  pmt 
» :"  r.:'.  -^  .i:<  r.  «  "r:;.-:'.  iV.v-.r.ed  the  year  into  two  distinct  working  seasons. 

V:-:  -^  .rk  /-. '..'  .it  :h:>  yoiux  pneVions  to  December  1,  1?^,  consisted  of  a  maindihi 
r  V.  •■  V :  ■   wz^  ::v':v.  Siitioa  47  lo  Station  99. 

«. 'V  1\ .  oiv.-i  r  !.  I'^SV.  a  force  of  men.  with  their  quarters  and  a  complete  outfit  ftr 
.  :.v-  .-  : .:  :.;::.. .K.  w^s  :rani.UTW»d  from  Ashport  to  Gold  Dust,  and  the  constrs^ 
:•  *.  . '  ;\  r.       !  •'  i"e'.  xk-Ac.  placed  directly  in  front  of  the  main  dike,  was  begnn. 

I'v  .  >::  s"..  ::  .if.nrss  K>a:*.  each  100  feet  long,  were  nsed;  one,  commencing  at  thi 
-.  :^-<>::<  WW  \'  .1  <i  :hi  r...iin  dike  at  Station  9T-f-o7.  constrnctin^  a  continnous  iMfe 
*..r -.^  -\ . :  '..vc.  .•::'*>  t^i<-  other.  Wginning  near  the  middle  at  Station  74.  constmctiqf 
.»  ^ .  w.  ■;  -'Sir..*'  C.-.v.l  iVx-t  ionp.  which  extended  to  the  lower  end  of  the  dike. 

i^r.  \\w  !•  -.1:  of  IVvimbir  a  fleet  of  10  pile-drivers  arrived  and  commenced  driving 
ov.  I  r^^'v^  l*  k'>  N\^s.  1  i»ni:  *2.     Dnring  the  first  ten  days  of  January  this  fleet  M 
•.:;.',.'>, ,;  :•;»  i:  •  .".t-./.r-.vonv.     These  ilikes  were  constructed  after  the'  improved  fci* 
::i;n>.'.::i . .;  J^y  oVocr  of  Mr.  A.  J.  Frith,  assistant  engineer  in  charge,  and  consiBtsdw. 
two  n^w  >  or  vI:'.»->  14  f«vt  jipnrt,  with  piles  in  each  row  spaced  7^  feet  between  csotai 
l.oiii:i::;i'.;:..i":  riiiers  wor\»  placed  on  the  entire  length  of  both  rows,  secured  to  tfcl' 
i>i -'.iiC  I'v  ,lr:K-K^'it*  and  wire.    The  two  rows  were  joined  by  horizontal  bmcespltMi.. 
\\\  ilio  ii:!v«  tior.  of  The  current  as  near  as  might  be,  and  resting  on  the  riders  of  both ' 
ro%\>.     riuy  A\tn-  drift -I'oltod  and  wired  to>  pile  and  rider.    This  oonstrnctlon  «tf 
.s:n'nutl*.i  !u»il  l-y  wire  cabU'ji.  consisting  of  six  strands  of  No.  8  wire,  which  weiefi^ 
;«'i.od  t»>  rho  1  r.i'<  IP.  the  fn^ni  ix^w  16  feot  (require*!  penetration)  above  the  lower eni 
ofilio  ]M!f.  a:i»l  .inMiiul  pile,  brace,  and  rider  of  the  rear  row. 

\iwr  rro^o  Dikes'  Nos.  I  and  *J  had  l>een  completed,  with  theexcejition  of  a  p9*B>|* 
\v;iy  for  har^i-s  ai:d  material,  the  river  l»egan  rising.  In  order  that  piles  might  W 
diivon  i>vor  tl:at  poniou  of  Elmot  B.ir.  which  was  exposed  at  low  stages,  pile-drlveis 
wcrt»  niovetl  to  th«»  bar  end  of  Cross  Dikes  Nos.  3,  4,  and  5.    The  water  continned  H 

'^  and  8(H^n  suhiuorged  the  dikes  when  operations  were  necessarilv  suspended,  Fe^ 
7 :21,  with  the  river  at  a  30-foot  stage.    The  force  was  reduced  and  pile-driv«a 
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ed  to  Flnmb  Point  to  make  necesaary  repairs  and  alterations  for  better  con- 

of  work. 

I  the  time  of  operations  4,899  linear  feet  of  dike  were  driven.  There  were 
itmeted  4y664  linear  feet  of  footmat  100  feet  wide  at  the  main  dike,  738  linear 
at  wide  at  Cross  Dike  No.  1,  and  1,270  linear  feet  of  footmat  50  feet  wide  at 
ke  No.  S.    The  largest  amount  of  footmat  constructed  in  any  one  day  on  one 

boat  was  251  linear  feet.  Wattling  10  feet  wide  was  placed  on  tlic  main 
Its  entire  lenirth. 

the  water  began  rising  there  were  2,420  linear  feet  of  footmat  on  the  surface 
Iter  and  no  stone  could  be  procured. 

lower  end  of  the  main  dike  412  linear  feet  were  still  afloat.  Quantities  of 
irded  beneath  the  mat.  increasing  the  current  under  the  mat  to  such  an  extent 
msed  a  deop  scour  at  the  piles.  As  soon  as  this  scour  was  noticed  sacks  were 
bat  before  these  were  filled,  loaded,  and  towed  in  place,  this  portion  of  the 
I  •eonved  oat  and  the  accumulated  raft,  consisting  of  dike  mat,  and  drift 
ig  down-stream  struck  Cix)ss  Dike  No.  3,  which  wus  temporarily  able  to  re- 
praat  pRSBure,  but  being  unprotected  by  a  footmat,  after  several  days  a  por- 
t  eoonred  out. 

SM  of  drift,  driven  by  the  swift  current,  struck  Cross  Dike  No.  4  with  irre- 
nroe,  demolishing  a  portion  of  that  dyke. 

m  Dike  No.  1, 738  linear  feet  of  footmat,  and  at  Cross  Dike  No.  2,  1,270  linear 
Dtmat  50  feet  wide  were  still  afloat,  and  the  sand  bags  were  used  on  these  with 

By  this  time  the  dikes  were  entirely  subm«*rgerl,  and  the  mats  were  anchored 
ftatened  to  the  piles.  Sinking  was  done  from  skiifs,  as  the  drift  above  and 
below  the  mut  prevented  the  use  of  barges.  Sinking  was  very  difficult,  as 
nt  waa  at  right  angles  to  the  line  of  the  dike,  and  therefore  had  a  tendency 
i  the  op-stream  edge  nmier  or  over.  The  mat  being  driven  down-stream  by 
and  carreot)  the  lower  edge  necessarily  landed  on  the  front  piling,  whore  it 

after  the  up-stream  edge  was  sunk. 

onnt  of  the  accumulation  of  driit  in  front  of  the  main  dike,  work  on  foot- 
to  be  suspended  before  the  upper  section  was  completed,  leaving  the  main 
rotected  from  Station  74  to  Station  79-fOO.  The  river  at  thi»  tiiiie  was  at  a 
uu^,  rising  at  the  rate  of  one  foot  per  day,  and  carrying  heavy  mosses  of 
I  us  efforts  to  follow  the  more  direct  channel  through  liUniot  Chute  (he  cur- 
se through  the  main  dike  where  it  was  unprotected  by  footmat  at  Station  75, 
mass  of  drift  took  out  a  portion  of  Cross  Dike  No.  2,  represented  on  sketch 
iUsnah. 

tterniahing  through  this  gap  with  a  velocity  of  not  less  than  5  miles  per  hour, 
ing  heavy  masses  of  drift  which  stnick  the  edges  of  the  breach,  breaking  pile 
,  soon  increased  the  length  of  the  breach,  which  was  again  increased  during 
d  rise.  The  gap  in  Cross  Dyke  No.  2  was  not  incrca;^,  the  dyke  being  10 
r  than  the  main  dike. 

mpt  was  made  to  repair  these  gaps,  as  the  dikes  were  submerged. 
ing  an  examination  of  the  works  at  a  low  stage  of  water,  it  was  found  that 

dike  had  been  damaged  to  a  greater  or  less  extent  from  Station  77-|-50  to 
H-^Oy  aud  from  Station  59-f-60  to  Station  47.  That  portion  of  the  main  dike 
)  upper  breach  was  found  uninjured,  with  the  exception  of  a  few  riders  and 
hich  were  crushed  by  the  weight  of  drift  resting  on  them  after  the  water 

|h  the  water  was  7  feet  above  the  tops  of  the  piles  the  drift  did  not  pass  over 

and  at  some  places  it  is  60  feet  wide  and  solid  to  the  bottom. 

the  dike  was  not  protected  by  footmat  small  channels  formed,  having  suffl- 

leity  to  erode  the  bed. 

Hike  No.  1  remained  intact,  and  has  a  deposit  in  its  roar  as  high  as  the  dike 

^laeea. 

4-auit  in  front  of  that  portion  of  the  main  dike  which  was  carriiMl  away  re- 

Diqjuied,  and  is  covered  for  its  entire  length  with  large  gravel,  although 

I  *  econr  of  several  feet  on  both  sides  of  it.    Th'*  new  dike  has  since  been 

rough  this  foot-mat. 

later  portion  of  the  damage  done  to  these  dikes  was  due  to  the  sudden  rise 

rer  before  the  work  could  be  completed  ;  nevertheless  large  deposits  were 

bin  the  area  that  would  be  inclosed  by  the  work  when  flnished. 

■Min  dike  the  deposits  formed  immediately  behind  the  dike,  while  at  the 

m  the  material  was  deposited  some  distance  below  the  dikes,  and  nearly  to 

f  the  piles. 

a  Dike  No.  2,  where  the  lower  edge  of  the  foot-mat  rested  upon  the  dike,  the 

ffmed  immediately  under  the  mat  and  does  not  extend  for  any  distance  be- 

ike.    Thia  deposit  consists  of  lar^e  gravel.    The  success  of  this  accidental 

Im  Higgeetea  the  building  of  similar  structures  in  hopes  of  obtaining  like 

n  16^  with  the  river  at  a  28.35-foot  stage,  work  was  resumed  and  was  con- 
mOS  KN 174 
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-ruTrvi  -r-jLi  &  f.irw  -vx:.^  ▼»  >2tJ-*ii!ii  szui  6e«R;Aied  as  the  stage  of  the  wjitah 

TiK  *:b«r^'^  -I'i  -?'  £l2»:^  5«r  :*».=.x  4iiV=«rziHi.  adrantage  was  taken  of  the  hig 
«:.ir*  *.^  vk'-r  - :  -r-^-^ii  "irr  -vr^r^m  *c«l  -iv  :lM~=iain  dike  and  northern  end  of  Cwi 
Z'-L-^  y  -.  '.  LI.  i  »  •:  "Li**:?  .-li'iTi'Tt  '»r±  Ti-r  naia  dike.  The  constmctionoftlM 
".:=•**  '«'»>:  -r-— t  :  .r^»n  —  p-cr'^.-^j.  *iz.z  v-j^^  fcup  piI«^-d^ivers  on  each  of  tiwBMi 
T.  -— 1  i-^i-^  .1^  :  T^  in-^-r*  >":*.  1>-  :5  .  it.  and  ir?;  ^tationrd  at  the  maindil 
-e--?-  1-  -  L.-_  •_  "Trr*  k  l-^:.  i-^i  -=.;r.~r=.-»'i.':  ■<:  the  old  one*.  The  height  of  theM 
'V:.^z  .-'irvwi-Hi  -.-.  9-:  i-tr'.  a.-:  -r-i  "hr-  jTvAi^r  portion  of  the  piles  to  come  undtfil 
•j.--'^r  ■►-:;?r  .-."w-^t-z^  -'z*^  ii."»-.  -i-=-  -^artT:  while  with  ihe  old  l**ad!i, which Ind 


•r-w  - 


'    :  ■. '.  f— -.  *'  »  X  IT  *rA£T  ::  "'-t  rtT^r  p»Lr*  haii  to  pen»-trate  for  several  f«th 
i--   1  j^l  i  V  :r.--jl*  •zz.-irT  Ti«t  L»2L2iTr.     The  new  driTt^rs  were  alsoeqnippc 

w:-i  li'-"-?  •■•  '.Tz^-zr^-  '^y^s'.'-'l  •i-i'^x  aTtan  {-nmp^.  haviugtwo  K^inchandti 

I'.'—  i    ^ 7 ..-  i-ri.      1  Lr-  '-.'.i'  ir.-^Ti  -irre  e»^:i;ppeti  with  siuglc-acting  piston  poB| 

b-i-ii-x  \z.  r-i-.L  •-.Tli-.ir-r. 
A"  "ii-*  Z'-  -'.  'ir.-ii-z  ':-»*  ''-ren  ti:T**i:L2*T  diScolt  on  account  of  layenof  th 

's:  kr^  r~k  ■  r.  i--i  "•■!it  .■  Li  v.     Pi-e^rr^  of  .rrarel  weighing  half  a  |ionnd  have  fiequenti 


v,__- 


At  *•  r_-:  :  -n^  :.".•*-*  Li-i  :.-  be  ^<*:ziir*l  and  «lriven.  ai?  the  I^inch  jet  of  thee' 
dr.vrr-  "^  *-  "-.iMr  :■,•  'i:*!*'.**;*  :Le  coarse  jrravel.  Thr  new  drivtrrs  nsinp  a  two-ia 
jet  ■■■rr^  '-'.r  "•>  T.>ri  :hr»>:i^h  These  hari  strata  without  pointing  the  piles,  Imti 
w.-L'i'  <•  '.::.^ral  c?r:  ••/  the  hasa^rr.  As  soon  as  the  pilo  had  passed  throaehti 
LArd  ■  iT-r*  '"--J  -K-oTi.d  ^ink  r>  the  re*]a:red  depth  of  16  firet  with  little  difficnlty. 

AV/r:-  'Lr  U"  '-.f  Mav  -hr  c*>n*traction  of  a  grillage  mat  between  the  two  lowi 
^ilr*.  ar.d  •^xTri.'liLz  a>/oat  Iv  feet  in  fr«^nt  of  the  dike,  was  begnn  at  Cross  DikeNoi 
.>*:•-; :zoL*^  ot  i::;^!  *»  by  :{5  feet  were  con^t meted,  and  consisted  of  a  thick,  coarse  bn 
l>i=^  in  :hr  tiire^Tion  of  the  cnrrenr.  tinuly  lashed  to  a  grillage  of  poles  which  v 
bn-[^L'!^i  abrmt  1  to<.it  above  the  snrface  of  the  water  by  wires  fastened  to  the  biM 
of  rh»-  «iikr.  A-s  v^in  a.s  a  ^lection  was  completed  the  wires  were  taken  off  and  it « 
.-•niik  ti>  tLr  iKtttom  wi;h  stones.    The^e  sections  overlap  about  7  feet. 

A  tVj<it  mat  1<">  free  widr  placed  directly  in  front  of  the  main  dike  was  commsM 
at  Station  •Jl^~'^b:  but  work  had  to  b«.*  suspended  after  complfting  I(>t  linear  feet,' 
account  of  the  drift  accumulating  in  front  of  the  dike,  making  it  almost  impiMd 
to  move  the  mattre«s  boat. 

Work  oil  th^-tte  lines  wait  carried  on  until  about  the  1st  of  June,  when  they  «1 
coui(>eiU'd  to  desist  on  account  of  the  high  stage  of  the  water. 

While  tht-  work  of  extending  these  lines  was  thus  delayed,  eight  pile-driven  w 
moved  to  Cros4  Dike  No.  5  and  its  construction  nushed  forward.  Four  pile-drivi 
wf-rv  transtVrrri'd  to  Biilb'rton. 

From  April  10  to  June  1  there  wen*  driven  5^*200  linear  feet  on  the  main  dike,  IJ 
liiM*ar  feet  ou  Cfosh  Dike  No.  3,  and  2,dU0  linear  feet  on  Cross  Dike  No.  4.  There  w 
also  placed  2/^Ki  linear  feet  of  grillage  40  feet  wide  on  the  main  dike,  l,(iOO  livi 
fet't  '.ii}  feet  wide  on  Cross  Dike  No.  4,  and  c^V)  linear  feet  35  feet  wide  on  Cross  Di 
No.  3.  Wattlin;^  0  feet  hi^li  was  placc<l  on  the  main  dike  for  800  linear  feet,  on  Cv 
Dike  No.  3  for  800  linear  feet,  and  on  Cross  Dike  No.  4  for  l^O'iO  linear  feet. 

During  the  unexpected  rise  considerable  damage  was  done  to  the  main  dike  abo 
Station  3(3  and  to  the  south  end  of  Cross  Dike  No.  3,  which  was  due  to  the  untiniih 
condition  of  these  lines. 

After  the  water  had  fallen  it  was  found  that  the  portion  of. Cross  Dike  No.  3  lyi 
south  of  Station  H-^-^t  the  end  of  the  grillage,  was  damage<l  to  u  greater  or  lessexU 
by  the  piles  scouring  out  and  by  the  inability  to  secure  the  diagonal  cables  before  t 
dike  was  submerged,  the  intention  being  to  secure  them  after  the  grillage  wasei 
structed  and  sunk.  A  breach  of  about  100  feet  was  discovered  above  Station  36i 
the  main  dike  and  one  from  Station  43-f-50  to  Station  51. 

The  pieccH  of  dike  which  had  been  scoured  out  floated  down  to  Cross  Dikes  Xoi 
and  5,  and  the  piles  are  there  being  utilized  to  support  the  tip- mat.  All  of  thi 
piles  were  scoured  out,  as  none  were  found  broken.  During  the  rise  large  dep^ 
formed  immediately  in  the  rear  of  the  main  dike.  ] 

A  bar  whose  crest-  became  dry  when  the  river  fell  to  a  26-foot  stage  extended  MIB 
the  whole  length  of  the  main  dike  below  the  lower  breach.  The  largest  deposits *l 
made  at  the  junction  of  Cross  Dikes  Nos.  3  and  4  and  the  main  dike.  . 

The  point  of  Elmot  Bar,  lying  to  the  northward  of  the  main  dike,  within  the  Wf4 
allotted  to  the  channel,  was  washed  away  during  this  rise,  and  deposited  in  the  Ml 
of  the  main  dike.  This  point  previously  caused  a  large  percentage  of  water  to  pi 
through  Elmot  Chute,  thereby  increasing  the  pressure  on  the  dikes  during  highstif 
of  the  river. 

At  the  outer  edge  of  the  foot-mat  on  the  main  dike  a  scour  has  been  noticed  for  ti 
entire  length  of  the  concave  portion. 

It  was  noticed  that  where  drift-  had  accumidated  in  front  of  the  cross  dikes  a  IM 
has  taken  place  equal  in  volume  to  that  of  the  drift,  and  that  after  the  water  had  I 
the  bar  the  drift  would  exactly  till  the  space  scoured  out. 
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■to  bftvliut  &Qmi,  openttiona  wera  Srst  rMnmed  npon  the  anp  in  the  main 
fltoUaii  X,  Mad  npon  Crow  Dike  No.  3,  at  Stktion  e-f-50.  The  main  dike 
■glkeand  wharerer  amall  channels  were  discovered  psasing  through  it,  by 
dMian  «f  twv  piles  in  the  front  row,  and  also  a  third  low.  The  piles  tn  tba 
i  ttfiaun  raws  were  sapplied  with  cables  which  were  fastened  around  pil«, 
i  Imiiiii  «f  th*  thiid  tow,  to  oonfoim  lo'the  "  Standard  Dike,"  at  this  time  in- 
:brHr.A.J.Frith. 
U  ill  I  mil  won  kbis  to  complete  all  dikes  before  the  water  left  tbo  bar,  but 

*" ^  ~1syed  by  Inability  to  obtain  material  owing  to  the  flooding 

Ulsge  and  wattling  is  now  being  completed  on  dry  land,  the 


nm  wort  waa  ddayed  by  inability  to  obtain  material  on-iDg  to  the  flooding 
DlMr  OBiK    Giillage  and  wattling  is  now  being  completed  on  dry  land,  the 
^tcaabbanganp^iedfttmi  the  head  of  Elmot  Bar. 
•  tbetmnqmrtotionof  rock  across  the  dry  bar,tarred  sacks  filled  with  gravel 


t  an  beioft  sabatitoted. 
mUm  of  the  main  dike  which  was  driven  before  the  1st  of  December,  1882, 
■famgthened  by  driving  two  rows  of  piles  in  front  of  it  and  using  the  old 
ktid  raw.  Considerable  diflScnlty  was  experienced  driving  throngh  the  old 
,  wUeh  was  covered  wilh  coarse  gravel. 

OTtioa  of  the  dike  is  being  protected  by  a  tip-mat  from  38  to  60  feet  wide, 
M  tai  aeetiona  of  150  feet.  The  mattress  boat  is  placed  parallel  to  the  dike, 
iCBof  the  ways  extending  over  the  gunwale  of  the  barge  having  been  taken 
Man  tmat^S  distribated  over  the  ways  and  their  lower  ends  lirmly  secured 
Un  of  Ilia  dike.  The  brush  is  wattled  upon  the  poles  by  passing  a  rod  of  it 
lyafaora  mnd  bdow  them.  The  mat  is  strengthened  by  placing  poles  above 
■&  tlta  wattHng  pole,  flimly  lashing  them  with  No.  12  wire.  A  section  of 
MvfBg  been  ocnnploted,  the  mattress  boat  is  sparred  fi'om  onder  the  mat,  and 
warn  cdga  nnk  to  the  bottom. 

Aam  ebannel  near  the  Tennessee  shore  a  lip-mat  75  feet  wide  is  being  con- 
Ib  nont  of  Cross  Dikes  Nos.  3,4,  and  5.     The  mattress  boat  is  place<l  at  right 

>  tta  dike,  Uia  ways  nearest  the  dike  having  been  raised  to  the  level  of  the 
Mifntaill  tbs  mat  at  that  height  after  it  is  launched  from  the  mattress  boat. 
"*****"<  tbe  mat,  piles  are  floated  under  it.  The  up-stream  ends  of  these  are 
tba  yofia  of  tbe  mat,  and  the  down-stream  ends  raised  to  the  level  of  the 
htntb^  ore  drift-bolted  and  wited  to  the  pUes  of  the  dike.  The  up-stream 
•  mtt  la  tben  sank  to  the  bcttom.  In  swin  curreuts  this  mat  is  coustrncted 
M 130  ftat  long,  abont  the  length  of  a  lock  barge,  as  the  mat  has  to  sink  for 
I  k^tb  almiiltaiieonaly  to  prevent  the  np-stream  edge  from  doubling  over  or 

lb*  Mftilt  dike  and  cross  dikes  strike  the  Tennessee  shore,  the  bank  has  been 
1  iif  a  mattieaa  360  feet  long,  and  varying  in  w  idth  from  bO  (o  100  feet.  Tbe 
Mempletedto  this  mattress,  lea  vine  a  mattiessed  opening  for  navigation 
0  fliat  wUa.    Tbe  bank  at  these  plocea  has  been  graded,  and  bonk  pro- 

>  balm  Ilia  I II  111 

(«!■  onM  with  pile-driver  No.  19,  which  is  equipped  with  a  Worthington 
daplax  poinp,  having  two  lO-incb  and  two  IS-iach  cylinders.  The  dis- 
boM  dSO  mlloua  per  minut«,  passes  first  throuch  a  4-iDch  pipe,  then  throagh 
,  hoM^  MM  is  delivered  throngh  a  11-iuch  nozzle. 

HMegMmg  hnglh  of  eompleltd  teork  a»  raprtteitttd  an  tkttek. 
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of  wife-united  willow  matting  about  8  feet  square  was  made.  The 
Twiftraed  up  in  it^  and  the  oenter  and  ends  of  this  bundle  firmly  wired.  In 
BMB  Maed  mk  waa  tied  to  willow  bundles  6  to  8  feet  long,  and  1  to  li  feet 
sr.  II  waa  found  by  inspection^  after  the  high  water  went  down,  tha  the 
of  fiwelnea  mentioned  had  done  the  better  service  of  the  two.  They  gener- 
Ifnotij  in  pIaoe»  while  the  bailed  rock  of  the  second  kind,  catching  on  the 
enUiM.  prerented  the  fascine  from  ^oing  to  the  bottom. 
BeoondAiy  No.  1,  which  stood  the  high  water  well,  is  especially  remarkable 
wp  aaoont  of  drift  gathered  in  front  of  it.  For  a  time  the  whole  head  of 
fjraBi  tbe  ^ke  np,  was  filled  completely.  Winds  blew  some  of  the  drift 
>  itluid  become  firmly  packed;  but  even  to  date  about  twenty  acres  of  it 
mdy  wedged.  Of  course  this  mass  has  not  been  without  its  marked  effect. 
dim  flnsbegan  collecting  an  increased  tendency  to  scour  in  front  of  the 
mitoed.  The  depth  of  this  scour,  as  might  be  supposed,  was  equal  to  the 
of  ditft  at  the  point  under  consideration.  Where  it  has  been  possible  the 
Bponing  hue  been  closed  by  sinking  the  drift,  a  barge  of  rock  being  expended 
Ml  Ayr  this  pnrpoee  in  mmt  of  Secondaiy  No.  1.  Should  sinking  the  drift 
oaoio  piOTe  impoesible,  the  scouring  out  of  a  dike  is  to  be  feared,  unless  it 
rail  pcoteeted  by  foot-mats. 

ivll  oBmI  of  the  drift,  cited  above,  a  good  one  can  be  opposed.  When  the 
on  otibm  dike  waa  first  begun  quite  a  strong  corrent  set  through  the  chute. 
Uaf  drift  eheoked  it  so  completely  that  when  the  present  amount  had  come 
snt  vna  atanoet  dead.  A  marked  fill  both  in  front  and  behind  the  dike  has 
m,  00  lluil  if  :the  holding  of  the  latter  should  prove  successful  the  direction 

wovild  seem  to  be  indicated. 


OSCEOLA  SECONDARY  NO.  2. 


of  theee  dikes  was  pushed  at  the  same  time  that  No.  1  was  build- 
oeelion  extends  from  the  Arkansas  shore  to  the  northern  point  of  the 
ibm  ooeood  oectiony  from  tbe  lower  end  of  this  same  towhead  to  tlie  foot  of 
ppor  Bar.    The  type  adapted  is  the  double-line,  rectangular,  14-foot  base 

a  tut  the  aoniheastem  end  of  Section  1  and  the  northeastern  end  of  Sec- 
m  portiona  of  the  dike  running  up  on  high  ground,  it  was  deemed  suffi- 
iHd  tbem  of  but  a  single  line  of  piles.  In  the  second  section  an  opening 
iBDgflk  had  to  be  left  to  enable  the  boats  to  reach  the  parties  at  work  at 
ben  the  water  began  filing  it  fell  so  rapidly  that  tbe  pile-drivers  had  to  be 
i  iMlbie  the  sap  could  be  closed.  With  the  exception  of  this  piece,  then, 
iDoarfeet  of  dike  are  protected  by  a  grillace  foot-mat  and  by  wattline. 
qpril  10  and  finished  May  20,  these  dikes  nave  passed  safely  through  one 
r;  but  bnilt  under  the  shelter  of  No.  1,  little  strain  has  come  on  them  from 
Mr  eaneea.    A  slight  fill  has  taken  place  behind  both  of  the  dikes. 


OSCEOLA  MIDDLE  DIKE. 


Middle  Dike,  connecting  the  foot  of  Osceola  Upper  with  the  head  of  Osceola 
r  waa  begun  November  1,  1882.  During  December  1,065  linear  feet  were 
be  part  previously  completed,  giving  the  whole  structure  a  length  of  3,309 
Ibrm  oi  the  dike  adopted  was  the  one  as  shown  here.    Top  of  outside  pile 


Law-water  line. 


s-i  *i  n 


1 


k  OtMO  of  85  feet    Top  of  inside  pile  driven  to  a  stage  of  14  feet.    Front 
%  lioar  llwtened  5  feet  below  top  of  outside  pile,  rear  rider  at  top  of  inside 


m  h,  horiaontal  ao;  width  of  base,  14  feet.    A  100-foot  mattress 

wbolo  length  of  the  dike  and  the  latter  also  wattled.    As  the  water  rose 

ftoot  ibra-and-aft  rider  it  became  impossible  to  push  the  wnttling 

II  mmld  have  been  better  had  it  therefore  been  left  out  entirely,  for 
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080B0LA.  UPPER  BAR. 

A  head  of  tU*  Imut  was  well  protected  by  a  foot-mat  50  feet  in  width,  and  bv  a  *^ 
oi  i0w^tia&a%  pUmtlj  connected  with  the  former.  Abont  800  linear  leet  of  thif» 
l-gnded  woH^<wflm  executed,  all  of  which  is  in  good  condition  to  date.  That 
■me  eaDnoi  te  wmkd  for  some  of  the  other  work  on  the  bar  is  easily  explained.  A 
bet  miUnji  was  pat  in  the  whole  length  of  Osceola  Upper  Bar  and  sunk.  This 
It  low  wftSer.  Thoagh  the  grading  and  revetting  were  started  immediately  in 
I  of  the  nwttnsiy  it  was  .impossible  to  finish  them  before  high  water  set  in.  Of 
linear  ftet  of  grMing  put  in,  2,100  were  rendered  entirely  worthless,  l>ccause  the 
r  ooTsred  the  blmks  before  they  conld  be  revetted.  The  1,400  feet  that  were 
«d  with  brush  and  partially  rocked  also  suffered  heavily,  for  the  reason  that  no 
setioii  between  the  high  and  low-water  protection  could  be  secured.  The  banks 
ing  Away  between  the  two  has  left  a  gap,  ,as  shown  in  sketch,  which  it  will  be 
■ai^  to  fill  with  m  second  mat. 

08CE0LA  LOWER  BAR. 

ring  the  hi|di  wster  in  Jnne  and  Jnly,  while  it  was  found  imi>ossib1e  to  work  at 
idarr  Ho.  %  m  100-lbot  mattress  was  started  on  the  inside  of  the  lower  bar. 
7  drift  ranmng  neeessitated  the  bnilding  of  a  drift-boom,  in  shape  of  a  spur 
Dom  the  bead  of  the  bar  down  the  chnte  for  a  distance  of  about  100  feel.  Dnder 
utectiop  1,OSO  linear  feet  of  mattress  were  built  and  sunk  in  place.  A  small  section, 
r  190  feett  near  the  head  of  the  bar,  was  put  in  when  the  water  fell,  and  remains 
ighted  to  date  for  Inek  of  stone.  The  bank  protection  on  i  he  inside  begun  Jnne 
i  abandoBod  Jnne  S,  on  account  of  high  water,  was  continued  August  13.  By 
lit  of  the  same  month  a  total  of  72,422  square  feet  had  been  made,  of  which  49,931 
m  iMt  TCBain  nnvooked  to  date.  Of  the  4,040  linear  f^et  of  grading  put  in  last 
iiT  OD  the  ontsJde  of  this,  the  lower  bar,  no  traces  i*emaiu,  as  the  graded  bank 
atfral^  nnnroteeted  when  high  water  came  np.  This  was  to  l>e  expected.  Eight 
led  iset  of  n  100-foot  mattress,  which  was  also  started  at  that  time,  were 
ht  afloot  by  the  same  rise.  Drift  collected  under  the  mat,  and  would  have  ren- 
L  an  aMompts  to  sink  it  fntile,  even  if  rock  had  been  on  hand  for  that  purpose. 
MMtantly  expeeted,  the  increased  strain  on  the  head-lines,  due  to  the  uccumn- 


g  drilL  onnaed  them  to  part.  Even  one  of  the  capstans  of  the  mat  bar^e  was 
sal  of  its  fiwCenings,  when  the  lines  snapped,  and  mat  and  drift  swung  down  the 
;  Of  the  new  one,  150  feet  in  width,  which  was  started  September  1,  3,583  linear 
bave  been  oompleted  to  date,  bnt  only  920  feet  of  this  amount  have  been  sunk ; 
urn  the  same  has  been  stopped  for  the  present,  it  not  being  deemed  advisable  in 
if  fiNrmer  experiences  to  carry  the  mattressing  too  far  ahead  of  the  gra<ling  and 
Wag.-  Ancyther  pieeantion  has  also  been  taken.  Though  the  contour  of  the  bar 
hesB  eloeely  followed  by  the  mat  in  most  places,  it  has  ueen  impossible  to  adapt 
atlsr  to  any  sodden  changes  in  the  outline  of  the  bank.  The  small  oneningH  thus 
sd  between  mat  and  shore  have  been  covered  with  separate  pieces  of  grillage 
tnnly  wired  to  the  mattress  proper.  Four  thousand  four  hundred  and  sixty 
IS  ftet  of  this  kind  of  mattinj;  have  been  called  for  to  date,  and  more  will  be  put 
» the  neeeastty  for  so  doing  arises.  By  this  means  a  thorough  counect  ion  between 
Udh  and  low-water  protection  can  be  obtained,  i.  c,  if  the  former  be  put  in  at  the 
Buslage  of  water. 

ADAPTATIOK  OF  PLANT  FOR    PURPOSES  INTENDED. 

tftffflTflfWft^  with  yonr  request,  I  submit,  in  addition,  the  following  opinion,  as  to 
tdttptation  Ibr  pnrpoees  intended  of  those  articles  of  plant  which  I  have  had  oc- 
latonae. 

IS  100  foot  mat  barges,  with  ways  30  feet  long,  and  a  slope  of  the  latter  of  about 
■iatliy  do  not  fill  all  the  requirements  that  must  be  met.  Great  difficulty  in 
•Ung  the  eonaeentive  shifts  of  a  mattress  was  constantly  experienced.  This  is 
^dno  to  the  slight  slope  of  the  ways  and  partly  to  the  fact  that  so  little  space 
na  between  the  lower  end  of  the  ways  and  the  deck  of  the  mat  barge  that  the 
V  (fimnt)  end  <k  the  mattress  rests  on  the  deck  of  the  barge.  In  addition  the 
Ua  hotlB  of  the  willows  do  not  pay  freely  over  the  end  kevels,  and  the  want  of  a 
Ian  waa  aemely  folt.  The  175  and  213  foot  mat  bar^res,  built  with  projecting 
doiiing  ways,  answer  their  purpose  admirably.  The  latter  barge,  on  which 
nai  €•  the  ontside  of  Osceola  Bar  is  now  building,  can,  however,  only  be 
ia  advantage  in  slackwater.  In  a  strong  current  the  han<l]ing  of  it  becomes 
■I  an  iwpossibility.  as  I  found  when  this  barge  was  swung  across  the  break  in 
sin  SaeoMUKy  Ko.  3. 

n  awleabarvss  belonging  to  the  reach  answer  all  requirements. 
nnav  gaoeicai  servioe  barsee,  120  by  30,  used  especially  for  the  transportation 
iky  aw  aomewhat  nnwieldy.    Even  if  supplie<i  with  capstans,  which  they  are 
iO  will  alwim  be  a  matter^of  some  difflcnlty  to  handle  them  with  a  load  of  300 
I  jwdaof  alone* 


;•  It  was  not  considered  uecessary  to  do  any  work  of  a  permanent  char- 
,  aa  when  the  dikes  are  completed  the  chato  will  fill  np. 
■atiiMBi  a  made  along  the  banks  of  this  tow-head,  with  the  exception  of  35Q 
f  Uie  wire-net  pattern.  This  mattress  constructed  on  specially  designed  ma- 
jw baa  for  its  foundation  a  wire  netting  made  of  galvanized  iron  wire  of 
Bow  18  gftnge,  the  heavier  wires  running  longitudinally  or  up  and  down 
a  mailer  transversely.  The  distance  between  the  longitudinal  wires,  which 
I  af  the  length  of  the  mesh,  is  4  feet,  while  the  distance  between  the  oth<  rs 
A  mesh  4  feet  long  by  2.5  feet  wide  has  been  adopted  here.  The 
by  soitable  machinery  operated  by  steam-power  from  the  brnsh  barge 
m  barge,  and  deposited,  upon  the  netting,  where  it  Is  received  by  men 

ilia  mattress  and  supplied  with  long  hooks,  who  pack  it  close  together, 
9  aeeinff  that  it  breaks  joints  properly  to  give  it  the  requisite  trans- 
JLfter  brnsh  sufficient  for  a  shift  has  been  thus  disposed  upon  the 

Unders  are  passed  over.  These  are  inserted  with  their  butts  into  and 
ket  tfizoogh  the  netting,  aud  then  bent  over  the  brush  just  laid  and  wired 
kiB|^  Tbeae  binders  are  of  course  placed  at  right  angles  to  the  brush,  and 
if  Wfox  length  beyond  where  they  are  wired  will  be  under  the  succeeding' 
ia  makea  an  excellent  mattress,  being  very  flexible  in  a  longitudinal  di- 
ti9fMtf  Iba  necessary  transverse  stiffness,  and  is  rapidly  constructed.  One 
ad  cSgbty  linear  feet  have  been  made  in  a  day  of  ten  nours  when  the  cur- 
Badaralev  and  the  party  not  subject  to  delays  in  getting  brush.  Three 
mA  Mj  feet  of  the  mattress  made  here  was  of  the  regular  pole  pattern, 
bniah  ia  alternately  woven  over  and  under  the  poles. 

hB  nuiltBnsa  between  Ranges  51  and  52  was  begnn,  it  was  evident  that  a 
f  great  longitudinal  strength  to  withstand  the  great  strain  which  would 
I  opoii  it  daring  the  operation  pf  sinking  would  have  to  be  constructed 
ee  Hie  afn^^le  No.  8  wires  were  replaced  by  wire  cables  made  of  t*ix  of  the 
pea  w^  twisted  together.  These  cables  were  placed  7  feet  apart.  In  other 
Ida  mattrais  is  similar  to  the  one  just  described. 

bflfflk  protection  whose  lower  edge  laps  over  the  inner  edge  of  the 

wbieb  extends  to  the  crest  of  the  bank,  consists  of  a  loose  brush  mat- 
forita  entire  length. 

ia  eorered  with  stones,  they  being  placed  close  together  but  only  one 

k.  ^ 

i  plaeea  where,  owing  to  slight  settling  of  the  foot-mat,  the  high  and  low 
ik  fffoteetions  do  not  make  a  good  lap,  small  sections  of  mat,  100  feet  long 
aiwianTi  to  eover  the  gap,  were  constructed  upon  an  ordinary  barge  placed 
ai  mwallel  with  the  bank.  One  end  of  these  mats  rests  upon  the  revet- 
l  "rani  finjahed  the  barire  is  noshed  from  under  the  mat«  allowing  it  to  fall 


I 


tmm  OBBtr  op  kroineebs,  n.  s.  arht. 

mlln««d  t»  aatf  «mf.    Aboat  500  linear  feet  of  n 

;  Umi  nev  iMttiwi  Md  to  be  coDEtmcted.    This  is 

tram  faick  water,  aad  of  which  mention  has  ■ 

wil!  nlliautfd;  W  anbiecMd  to  a  terj  serere  It 
lode  jl  frnj^rlj.  and  to  impart  to  it  Ibat  permi 

.  _  ■  was  WgM  it  wa«  nude  to  overlap  tbe  ] 

«B^^iM  I9  ift )■■« « feet,  tkaa  pnaicaU;  makinc  a  continDone  loattres 
MtfMH»  ««•  wmim  tm  IbUaw  tttt  faadcntatwa  W  the  hank  as  close  aa  pouible,  1 
«*■■  ifei^  v*^  M  tb«  ttfith  ^>d  ifcwtuM  «f  tk  pockets,  was  not  practid 
^— ■■  MV|k^nMa*T  ■MtiHMa  w«m  mmiiw«b4  atter  liie  prioctpal  one  had  I 
— fc.  Ifci^^iBB  MMa  — O  B»wl«|ip^  th«  i— •  «i<y  rf  the  Weer  ones. 

Ite  AaHft  aBMa^Mjim  tUa  icoart  ibtnm  At  wdition  of  the  work  op  to  ( 
fc  aABnc  M  it,  it  wOl  be  aen  tbM  tk«  kMh  «r  bnk  operatic  npon  U  9,eSl 
Vltmrjm  tmim  fc»«haT«liewigMArfbya»hrfamnlie  eradcraDd  1.585 feeti 

-   -  "    " — ^_  — ._..  ^s..._  I ._.      » TBdtBd  feet  of  fool-mat  amU 

b  of  the  RTetment  made  a  1 

Tint  fart  of  fooi-tuallresa  at  Ibe  hci 

~  ■"" ■ J  prior  to  DsCTinbi 


Ufiwial 

am...     -- 

debvenDii  aitp plies  hen,  m 


Thv  kaat  d««A  ta  at  tkc  ajftv  rDtraot^^ 


pnarat  «t^p,  gn^t  damae*'  vocM  W  d  -n 
■■a*  waiald  stnoocly  damage  Ibal  pari  of  1 
T« — Tctrdr^  and  rndangi-r  the  IiD)-hed  m-rfc  Wlow 

\      ^        li    -  J  tiH'* -linwir;  lb-- imPTi'T  11  'I.     li     1  w   ik    [iirii  jiiii  ;iimi,<iinin- 

^      .  -.,„-      \     -.1       1    r     iile"      k.       .        ^      -.tii-     t-  iI,mMlM|iprtI 

-^       -     .  I  ibf  J"  -T  i-        J_  u     r  L    I^  ■■ .  .        1  ih.    .  >iui  Vi     11  of  iho* 


Ml       !     ^l  I 

.    l\    Knu-.HT. 

•j'  isjt^ttm.  r.  5.  J. 
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F  F.  A.  TBAOXBy  ▲88I8TANT    ENOIKKEB,   UPON    OPRRATION8    AT    OSCEOLA- 
BULUERTON  AND  PLUM  POINT  DIKES. 

Plum  Point  Dike,  November  1,  1883. 

r:  I  hftve  the  honor  to  submit  herewith  a  report  of  progress  of  the  work  on 
nllerion  and  Plum  Point  Dikee  from  December  1,  188*2,  to  October  31,  1883. 

OSCSOLA-BULLERTON  MAIN  DIKE. 

dng  to  this  dike,  that  part  starting  from  Osceola  Bar  will  be  called  North 
the  part  starting  at  Bnlierton  Tow-head,  Soath  Dike. 
nsibir  1, 1882,  abont  1,200  feet  of  North  Dike  was  standing,  and  on  March 
fleet  of  eiffht  drivers  was  pnt  to  work,  driving  until  April  13,  between  which 
the  18th  lul  drivers  were  moved  to  Gold  Dust.  The  dike  was  then  com- 
bat two  openings,  one  of  200  feet,  900  feet  from  south  end  of  South  Dike, 
r  250  leet,  abont  300  feet  farther.  From  April  18  to  June  1,  200  feet  of  dike 
he  two  openings,  and  500  feet,  abont  400  feet  from  south  end  of  South  Dike, 
it,  on  account  of  drift  and  no  foot-mat.  June  1  the  drivers  were  aeain  pnt 
knd  on  Jane  22  the  mouth  of  chute  was  closed,  all  but  a  gap  of  250  feet, 
0  feet  from  south  end  of  South  Dike,  and  from  June  22  to  July  10  drivers 
>D  account  of  having  no  piles  long  enough  for  depth  of  water.  I^etween 
d  90,  GOO  feet  between  Ranges  49  and  49^,  having  no  foot-mat,  scoured  out, 
)  night  of  the  21st  a  large  raft  of  logs  lodged  on  the  head  of  remainder  of 
e,  and  althongh  this  part  had  been  matted,  inside  and  outside,  about  200 
way.  The  wluihing  out  of  this  part  may  be  said  to  have  been  caused  by 
D  quantities  of  which  had  accumulated  on  dike,  extending  out  farther  than 
has  promoting  scouring  action  under  the  mat  at  its  outer  edge. 
the  night  of  July  23  the  steamer  J.  S.  Woods,  with  tow  of  empty  barges 
on  dike  where  Range  49  crosses,  catching  pile  driver  No.  17,  and  pushing 
;h  and  up  the  front  row  of  piling,  about  1.^*0  feet.  Shortly  after  this  454 
;he  same  place  scoured  out,  caused  by  collapsing  and  imperfect  sinking  of 
sters  of  three  piles  were  then  driven  about  10  feet  apart,  and  the  tops  con- 
:h  a  heavy  wire  cable.  A  mat  100  feet  wide  and  250  feet  long  was  made  on 
of  these  clusters,  but  collapsed  before  sinking  was  commenced;  250  by  40 
oed  sood  and  was  sunk.  The  clusters  stood  erect  for  three  days,  when  they 
,  and  abont  two  weeks  later  washed  out  or  broke  loose.  At  this  time, 
,  it  was  almost  impossible  to  drive  to  any  advantage,  on  account  of  rapidity 
and  scarcity  of  lon^  piles.  All  dike  was  now  matted,  and  aH  the  wati^r  was 
C  boats  to  run  outside  of  tow-head,  a  gap  of  900  feet  was  left  open  for  navi- 
d  all  force  moved  down  to  finish  Bullerton  Cross-Dike  No.  I.  Between 
'  10  and  20, 375  feet  of  dike  was  added  to  south  end  of  North  Dike,  and  about  50 
th  end  of  South  Dike,  making  North  Dike  3,995  feet  in  length,  and  South 
feet,  with  an  opening  of  90^  feet  between  them.  One  thousand  three 
nd  fifty  feet  of  North  Dike  is  completely  covered  with  sand,  and  all  the 
'  covered  but  500  feet  at  south  end.  The  general  condition  of  dike  is  given 
ompanying  sketch. 

BULLERTON  CROSS-DIKE  NO.    1. 

le  is  composed  of  two  parts,  one  on  east  side  and  the  other  on  west  side  of 
Chute. 

ike  runs  on  a  line  from  49^  Ark  to  52  Bullerton  Tow-head,  and  is  570  feet  in 
'last  Dike  starts  midway  between  50  and  50^  Bullerton  Tow-head,  and  runs 
Kiint  200  feet  below  50  Ark.  It  is  1,200  feet  long  and  makes  a  curve  at  1.130 
(direction  of  West  Dike.  Some  difficulty  was  experienced  in  the  building 
!>ike,  as  for  a  time  the  piling  washed  out  very  faet,  but  after  heinfr  matted 
le  and  outside  tip-mat,  scouring  action  ceased,  and  since  that  time  a  fill  of 
ft  taken  place,  where  previous  to  sinking  of  mat  I  reported  five  piles  washed 
7  feet  of  water.  The  shore  at  end  of  dike  is  protected  with  200  by  50  feet 
irotection  above  and  150  by  50  feet  below  dike.  Also  a  foot-mat  of  same 
It  100  feet  wide.    Each  dike  is  all  matted  inside  and  as  far  as  practicable 

1st  and  West  Dikes  are  in  good  condition,  and  a  noticeable  fill  is  taking 
re  and  below  each.  From  present  appearances  the  chute  is  slowly  filling 
f  ehannel  going  on  the  outside  of  the  tow-head. 
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Tbese  dikes  wi^re  Btart«il  September  SO,  sii<l  aa  }'i>t  little  prugri'ns  liaa  been  i 
owing  cbit'By  to  scBrcitv  of  material.  Up  to  dfttn  wiirk  has  beeu  tloui-  only  on ' 
Dike  ami  Crons-Dikca  1  and  ')l.  The  anjoiiut  of  dike  ucitnpleteil  an<l  im^oupli 
given  on  sketcli.  Five  bundred  and  fifty-six  feet  of  Miilu  Dike  bus  lOU  feet  fixil- 
and  458  feet  baa  inaide  or  grillage  mttt  between  the  seeoiid  and  tLinl  rows.  The 
age  mat  ia  a  lip-mat,  and  n'aa  atink  to-day.  The  foot-mat  haa  not  yet  been  sank, 
foot-mat  on  Main  Dike,  tltcordiDg  to  orders,  will  be  auiik  flat,  and  oroB«-dik«i 
have  grillage  tip-mat  and  50  feet  tip-uiat  outside.  The  aLore  at  bea<l  of  Main  D 
proteoteil  by  a  revetnicat  290  feet  loDg  and  65  feet  wide.  The  small  gap  lietneei 
of  Main  Dike  aud  alinre  will  be  closed  in  a  few  days  and  croa^^-dikea  will  be  fin 
to  ehoTB  OS  MHin  aH  poaaihio. 

If  the  material  can  be  had.  Main  Dike  aa  far  aa  Ctobh  Dike  No.  2  and  Ctom  Di 
and  2  can  be  protected  by  the  lattiT  part  of  December. 


The  small,  low,  100-foot  mat  bar^e  nsed  by  me  i 

The  now  large  157-foot  mat  Imat,  with  capetoa  o 
that  conid  be  desired. 

The  pile  drivers  have  done  very  well,  but  the  eirculur  lead  drivers  are  at  timei 
awkward  to  handle,  and  are  the  cause  of  considerable  delay.    The  aide  lead  di 
are  much  more  convenient  Mid  in  every  way  piefwkble  t«  otronUr  leads. 
Very  TespeotiUly,  jonr  obedient  Bervant,       , 

F.  A.  Xuo 
J.  G.D.  EmoBT, 

(>ptata  <if£nghuen,  U.  8.  A. 


XXrOBTOTA 

TIOMS. 

EuiOT,  Ark.,  Ifortember  13,  li 
Sir  :  I  have  the  honor  to  submit  the  following  ua  my  report  of  the  hydraulic  gri 
performed  in  Plum  Point  Reach  aiuce  December  1,  IWi. 
On  that  date  I  was  plac-ed  in  charge  i.f  Grader  Xo.  4.     Thiwgriider  li;i>i  two  D:ir 

engines,  the  inili^il  .ir  liiyb-pfs^"'"  .vli.ub  is  iH'ing'ls  l,v  ■}4  in.li.-.  ili--  l..v.-|>.: 
cylinders  :i-l  liy  y4  ii.rb.'s,"     St.sji.i  issil],].li,-.l  by  ;.  l.yii.Ty  nnbi.-,.  I  ,.i!.  1-.  ■!■!  i;.-i 


the  waier  ugiiiii  ri«lug  oli 
yards.  Tlieexiieusc  of  111 
total.  riiK'.^il.     Cost  per  i 


ridsDD  kiid  Deone  TrampB.     The  ai^vaotage  itoeniB  tt 
'■'-  -'  '  —  ' i  thei ■'-' "'■■'- '—  •  ■- 


metal  of  its  parte. 

naojCaiMnt  of  the  welli  under  the  pnmpR  traa  found  to  give  trouble  bj'  the 
RiekiDgtheBaDdaDdiunddy  water  running  off  the  bankii,  weariuc  the  packing 
iQgera.  While  laid  np  dnring  May  anil  Jane  thiswoa  chan^d  so  that  the 
I  DOW  taken  from  the  bow  or  the  point  where,  an  the  grader  lieu  to  the  bank 
,  it  ia  over  the  deepest  waier  and  removed  an  far  as  potuible  from  the  effect  of 
1  from  the  bank.  The  wells  in  the  bow  seem  to  act  bh  a  settling  tank  nnd 
better  wator  to  the  boilen  and  pnmps,  but  they  require  to  bo  frequently 
of  tbe  mad  depoeited. 

eft  ptnnp  of  Gnder  No.  4  aeemed  Ui  have  settled  out  of  line,  so  that  during  Au- 
leottldDM  but  one  pnmp.  An  examination  also  showed  tbat  part  of  the  valve 
had  becomeMwoiD  that  it  was  probably  the  cansooftheirrei'ulanty  of  stroke 
kvv  ponndlng  for  aome  time  noticed  in  this  pump.  The  rublier  valves  »epra  to 
pi.lfy.  Tu  'I  ~^i-  l.;iv  I..'.  L.  11..1 .1-  Tl.'  wi.ni  valves  have  been  refaccd  in  a 
ut  after  beinjj  no  fated  have  proved  to  be  ol  very  little  further  nse. 
Tking  the  grader  1  have  generally  used  one  1  J-inch  nozzle  with  two  IJ  inch, 
ge  noEzte  proves  to  be  more  effective  thnn  (wo  small  ones,  but  the  email  ooea 
JB  better  grade.  There  seems  to  be  too  mniih  water  flowing  in  one  place  from 
:enozile.  n'h>li  using  nil,  I  have  had  tlieHUiill  nozzles  working  together  uear 
ler,  with  the  large  nozzle  uboot  100  fett  ahe.id  in  a  cnt  by  itself.  Oecaaiooally 
mnf  bard  bluoolayia  fouod  which  the  smaller  nozzles  cannot  cut,  and  Ibave 
mliltieil  all.  The  senenil  artaugemeut  of  Ktrata  has  been,  on  the  top  a  browu 
PI  (biir  to  twelve  feet  tliicic,  with  underlying  strata  of  sand  alteruntiug  with 
il  the«e  strata  occur  in  great  variety  of  numbi-rand  thickness.  When  the  bauk 
■ly  of  clay  but  little  care  neeil  bi<  taken  for  a  smooth  grade.  Where  aaud  oo 
I  inetbod  I  have  used  baa  been  to  keep  tbe  top  of  the  cat  a  little  abend  of  the 
and  always keepiDg enough  of  the  loose  soil  back  of  the  cnt  to  form  a  sluice 
vent  tlie  water  flowing  bacli  over  the  grade,  A  gully  will  be  form' 'd  at  the 
bnt,  if  properly  managed,  this  can  be  tiJItil  by  the  caving  uf  tbe  bluff,  and 
cB  advanced  a»  rapidly  as]iossible.  Tli«  proper  grade  sboiud  be  made  at  the 
t :  ao;  triaiiDing  afterward  generally  dons  hjirm.  In  some  sandy  places  the 
a  we  eonld  prevent  gnllies  was  tn  throw  thu  water  from  the  top  of  the  grade 
'*""  '""  after  cutting  does  not  rundown  tha  grade,  but  glances  off  into  the 

countered  are  logs  bnrled  in  tli(>  bank,  ntumps,  the  willow  espe- 


«fci*1Wt»<MBW*»<*f  ■»  PMJMMI  ■till  B^  *>  t«MM  fcn 


it  Ibe^oulcmri 
also  Ihe  time  ■ 


t,  An.  (sB  Fa(a  S«,4).    TW  Mean  engineer 

Ung  •■  tW  vvtfcuiK  of  hu  en^nes.    Fn^ 

J  up  ad  (MS  Potai  I)  m«  eoiopiled.  ] 

WTwri«ifi^35  taSSpeccPPt.  j 

.     aa^rkMB  BbsBl  lU«rlI&painnd*M  Ih^  puiops,  nbidi 

■  SmMM  iWaaBdn.    I  at  Mm  mi\a it  U>  nnltiafaer  pteasure,  Wj 

~   K  ^  aa  11  Mch  Wae  niK|.i  i  Be  to  awlbe  low  ptesBure  nMN 

^  »ttrMkt,*-flj.    TW  4-iKkboae  at  first  aeemediU 

'  '  d  to  nn,  iml  I  Wd  bo  tnmble  with  it.  uatil  •AN 

I  txiid  to  BBS  tW  lacKP  how  and  noulrs  aodei  ml^ 

' tWa  80  pooDds  pump  P"^ 

•  aad  tag  bank  gramitE.  V 

I,  Wt  tW  4-iDcb  luiee  on  nfli 

TW  91-iBcli  mlibw  boM  M 

—  -----  —  -      TbesiDglaSIXM 

>d  I  'believe  ii  al 

e  kisd  TMCiTed  ainee  has  pvta  madl 

en  ■idigale  fHjme.    TW  £nt  to  hrMik  ifHce  kst  iI  9 

i"i  ib«  r<r««ai»  oeJT  a  nsixoc-in  t-M'..T^  it  liur-r,     Tli:-*  hose  »lM 


:acl;n,-.i  audslraigbl 
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17. 


or  w.  H.  FowuBia^ 


▲aaiBTAMT   BNOUOEBR,  UPON   SUBVXTB   ON 
POINT  BXAOH. 


THB  PLUM 


Fulton,  Tbnn.,  Kovemher  5, 1883. 

S:  In  •ocordttnee  with  yonr  order  of  September  14, 1  have  the  honor  to 
ibUowing  report  for  the  eleven  months  ending  October  31,  1883. 
mmd  €jk«  ipori;.— The  following  is  a  statement  of  the  work  accomplished  hj 

bllowing  additional  maps  and  tracings  have  been  made : 

jDoa  progress  sheets  have  been  prepared,  and  several  drawings  made  of 

ervy  ie, 

bllowing  measorements  of  discharge  have  been  made : 

bUowing  misoellaneous  field  work  has  been  done : 

•  ••••• 

of  fk#  rittr, — From  the  hydrograph  which  accompanies  this  report  it  will  be 

%t  three  distinct  flood-waves  passed  down  during  the  eleven  months.    The 

attained  bj  thcdr  crestSi  and  the  dates  of  their  passage  at  Plnm  Point,  are  as 


Mwbhl,im 
April  1%  1881 

jm»ao,i8n 


Height  above  ■  Heicht  below 
low  water  of  ,  high  wati^r  of 
1879.  I    March  1,1882. 


Feet 
0.52 
3.92 
5.97 


irst  flood  cansed  a  general  overflow  between  Cairo  and  Memphis ;  but  as  it 
li  Terr  rapidly,  its  effect  was  less  disastrous  than  that  of  March  1,  188*2.  The 
uid  third  flood-waves  only  overflowed  the  banks  in  a  few  localities ;  the  latter 
ised  by  the  Missouri  Biver,  and  did  much  damage  above  Cairo. 
3ordaooe  with  yonr  instructions,  the  mean  stage  of  the  river  for  the  years 
Kovember  1, 1882,  and  November  1,  1883,  was  computed,  a  planimeter  being 
'  the  porpose.  The  results  obtained  were  20.6  and  14.8  feet,  respectively. 
owing  table  gives  the  mean  stage  for  the  mouths  comprising  those  years. 

Mean  »tage  of  river. 


r... 


r.«' 


1881  and  1882. 

1882  and  1883 

FmL 

Feet 

1881,  17.  S 

1882,  5.6 

1881«  18.2 

1882,  6.2 

1882,  28L2 

1883.  9.7 

1882,  8L7 

1883,  25.6 

1882,  81.8 

1883,  24.4 

1882,  24.1 

1883,  26.0 

1882.  25.7 

1883,  20.8 

1882,  28.1 

1883,  24.0 

1882,  22.0 

1888,  19.4 

1882,  1L7 

1883,  10.  S 

1882,  ao 

1883,  8.1 

1882^  4.7 

1888,  a.4 

(908 
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Hnmber  of  day* 
onwhiohihe 

NaTamlwr   1, 
1882. 

:s: 

oud  sbtt.... 

,;2S;.'/S:::; 

15«ld2DfMt.-.. 
MudBfMC... 

lS.ndMfwt..-. 
SOsncISafHit.... 

u 

M 

n 

M 
B3 

IS 
SI 
41 

H 
X 

The  moat  rtrlUng  chcnge  noted  In  tbe  greU  exoeM  of  tbe  fitla  ever  the  wo« 
ftktDni  probably  doe  to  the  E*ebmarj^Han)liflood,HieBlaokeiiiDgof  tbeenTrent* 
tbe  water  overflowed  its  bauka  caoalug  depostta  whicdi  inbseqnent  fiood«  hare  m 

Atliport  Batd. — In  Ihe  bead  above  Duiiela  Point  rapid  caving  ooomr^^a 
medium  and  high  atagea,  and  an  nnnsaall;  swift  enrrant  existed.  (Daritfttbe  ] 
ruaty-Uarob  flood  tne  sor&ce  velocity  in  this  bend,  about  300  feet  fh>m  Uie  oai 
banii,  was  9  feet  per  aeoood  or  6  miles  per  hour.)  The  material  derived  froin 
oaving  was  probably  deposilt-d  over  the  oed  of  tbe  river  in  Ashport  Bend,  when 
current  was  mnob  more  slack.  Thiadepobit  in  tarn  caused  a  contraction  of  seetii 
area  from  which  tbe  river,  owing  to  tne  curvature  of  its  left  bank  and  tbe  na 
of  its  material,  eoaglit  relief  in  caving  ratfaer  than  in  lied  eroaion.  AppioxiniatB 
ues  of  tbe  volume  ot  scours  and  fills  in  this  locality  were  as  fbllows : 

CaUa 

Tolumcof  caving  bank  in  bend  above  Dauiela  Point 170,000 

Tolnnie  of  caving  bank  in  Ashport  Band 106,70* 

Tolnme  of  be<l  erosion  in  Asbport  Bend ei'i.OOl) 

Volume  of  fill  over  bed  in  Ashport  Bend 4211, -AB 

Assuming  tbat  tbe  volume  of  caving  in  the  Asbport  Bend  has  been  cairieil  be 

tbt<  vuliinii-  ilupositcd  in  tbo  l>t'd  whicb  has  been  dcrircd  above  from  Kourcts  » 
than  the  (:uvii]j|  L>:iull  in  the  bend  above  DauielH  Puiul  in  la2,5l)U,000  cubic  fp«[. 

Tliu  values  of  the  mean  depths,  nidllis,  anil  sevtioual  area  at  low  u^ittr  ak  g 
in  u  tabic  aecuiupanyiuc  this  Tc|Hirt,  aiiditroalsu  ri?|> re seiit<>d  graphically  uu  » Ira c 
Thu  followiu^  ato  tLu  lueau  valuta  in  this  part  of  (be  rivi-r. 

Mean  changa  in  Ashport  Bmd,  Soi.  'iO-Hl,  both  inctutive. 

Decrease  tu  higb-water  sectional  area aqnare  feet..   10 

Decrease  in  luw-water  seclioual  area do 11 

Decrease  in  low-water mi'an  di'|ilb - feet.. 

Increase  in  low-watiT  width da 

Bantiei  Koi.  27-:ll.— Tbe  changes  over  this  portion  of  tbe  river  consist  in  a  m 
along  the  mniu  diko  imd  a  iill  in  the  clmuiicl.  Tbo  maximum  viilue  of  tbe  forni' 
10  feet  aurl  its  average  al)oul  5  leet.     Tli»  ni.ixiuiiim  fill,  -i\\  f<'et,  occurs  on  No.  :10 

Main  rirtr,  Sor.  ;W-3K.— An  iiis[H'cti"ii  of  Ncm.  \^2  and  lilt  shows  thiit  a  vitv  Ik 
£11  bau  oceiined  oil*  IClmot  Bur,  which  hax  been  accumpaiiied  by  marked  caving 
tbe  ArkaueuiH  shore.  Un  Ni).  'Si  the  area  of  this  fill  and  caving  are  nearly  equal, 
on  No.  :»  the  Iill  Ih  largelv  In  cscess.     The  cnviuK  in  tbia  localilv  bos  fr>rnieil  a  1 

Etint  below  K... :«,  the  teiiilcncv  of  which  irt  to  thniw  tbe  water  lownni  the  f(K 
luiot  Bar.     Thisullect  is  (..irli.MiiiiU-  ii..tici.;ilil.>  rm  No.  ati. 
Ji'Jii.oi  CAm/b.  — The  chiiUHcsiTi  ili,-  ,  1,ni.'  hi,,  as  follows:  Over  area-*  behind  ill. 
dikes  !i  fill  has  generally  rcsn''.  ■      n.  ■!    nii^  inliind  liie  gaps  recently  i1iw,.l1  -.y  m 

hnH  oceurri'il;   ou  Kos.  IWi  ;ir.il     1.  ,.i  V.--:     I'mul,  a  caving  bank  ami  ^ikiii;; 

have  8hit1e.l  the  cbaiiiidf"  111.'  -mil.,  mh,  ,■  l„w,Tibiwu  iil.m;,' Elmoi  llar.fin,,,  N 


ha.sn 


Oniua 


lud  10  (be  caving  banks  before  i 


,  ;w.  c. 
ucd.tbereMd 
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faitbeU^ivatflrieetiaiMlHeadiowsaiifaicreMe.    The  inoieMe  in  the  ar6» 

»w-wit«wofekMi  is  noi  •(»  nMiked,  owing  to  the  bnik  of  the  erosion  oooozrini; 

iw-wstermack. 

lUowing  HO  the  Tiiliiee  of  these  ohanget : 

Jteii  clumg€§  In  Bimoi  Ckmte, 

48,  eifltptinf  Koe.  9d  «nd  31 : 

tttiiiiieeetlonalftreft,hi|^wftler ■qnarelbet..  3,840 

lene  in  MetionAl  VMS  low  water do —      4S0 

WMsiamoMidtopthylowwttler feet..         LI 

nper  month  of  Elniot  Chnte  i^  the  foot  of  Bhnot  Bat  it  about  the  same  av 

ue  Deeember-Febmary  survey.    It  filled  np  oompletely  during  the  higlv 

at  eo(  ont  again  when  the  river  &U. 

Ko,  311. — ^The  eiosing  of  this  ohnte*  at  its  head,  which  was  commenoed  in  1881,^ 

tinoes.    It  is  now  entirsly  pat  off  at  the  low  stage,  and  has  not  been  taken 

mnl  in  eompntlng  mean  ralnee  of  low-water  areas,  dbo. 

eao  ehanges  in  its  three  cross  sections  are  as  follows: 

linhiflli-waterssetiooalaiea square  feet..  9,53.00 

I  in  low-waler  ssetional  area do 710.0 

I  in  low-water  mean  depth feet..         0.6> 

I  Cftalfc— Tlie  changes  in  this  chnte  have  been  as  follows: 

Ugftr  OiMsIa  CM9,  Ms.  391,40,  40iy  41,  41),  42,  ami  43. 

BTSSMS  in  high-water  sectional  area square  feet..  4,396.0 

veaae in  low-water  seetioDAl  area do 946.0 

sreaae  in  low-water  mean  depth. feet. .         1. 9 

ixiBmn  fin.  17i  feet,  oeenrs  on  range  49. 

Xoioer  OmsoIo  Cftate,  Nob.  45-^7. 
In  low-watsr  sectional  area square  ftot..  49 


mmwww.Km,  37-60. — On  this  portion  of  the  river  the  most  noticeable  chauge  is 
inned  eaTing  along  Osceola  Bar,  extending  from  Nos.  41-47,  and  teudiDc  to 
ebannel  stiu  ftirther  toward  the  Arkansas  shore.  The  closing  of  chute  No. 
r  stages,  and  the  deepening  of  the  lower  mouth  of  Ehnot  Cbnte,  have  caused 
1  shonlfng  (maximum  value,  44  feet  on  No.  42)  of  the  old  channel,  and  a  scour- 
g  the  Tennessee  shore,  against  which  the  water  from  Elmot  Chuto  impinges. 
tsr  la  there  deflected  and  then  scours  the  old  channel  at  No.  44,  and  thereby 
^  fill  in  the  locality  where  the  Government  fleet  formerly  lay.  It  alBO  ap- 
iS  a  shoimng  of  28  feet  has  occurred  at  the  Plum  Point  Lauding  (No.  45)*. 
10,  a  fill  averaginff  16.4  feet  has  occurred  for  a  distance  of  2,400  feet,  in  front 
icaoln-  Bnllsrton  fiike,  while  a  marked  scour  has  taken  place  in  the  channeU 
diis  dike  a  fill  averagiDg  10  feet  in  depth  has  occurred  on  No.  48  for  a  distance 
stk  and  on  Ho.  49  a  fill  aTcraging  10.6  feet  extends  to  the  Arkansas  shore. 

Iftfla  Hprnr,  No,  50,  to  Mead  oj  TanJcee  Bar. 

w  60  a  aeonr  has  occurred  on  the  upper  side  of  BuUerton;  shoal  water  still 
m  along  the  ontside  of  Bullerton  Tow-bead  ofif  its  head,  but  a  channel  ha» 
ont  about  l^nO  feet  from  it,  giving  10  feet  at  low  water  down  this  passafi^* 
Fou  60  a  fill  nas  generally  occurred  over  Bullerton  Bar,  except  on  rauge  56,, 
floonr  Imo  taken  place,  owing  to  the  recession  of  the  bluff  sand-bank  whlob 
m  iMit  sdbovB  of  the  Tennessee  Chute,  below  No.  55.  A  marked  scour  has  oc- 
fftSeontride  of  Bullerton  Tow-head,  at  No.  52  and  53,  and  a  deepeninigr  ha» 
Mi  plaee  at  its  fbot.  This  latter  change  is  not  shown  on  the  tracings;  it  oc- 
nlwoon  the  sonrejrs  of  August  and  October,  and  amounted  to  3  feet. 
IM  Cteli^— The  following  show  the  mean  ciianges  in  Nos.  50,  51,  52,  and  53,  in 

to: 

Square  feet. 

I  In  Ugh-water  sectional  area 1,212 

I  ha  low-water  ssetional  area 1,481 

Isai^  Tmmim  Bar. — ^Below  Range  56  the  cbauffcs  are  not  very  marked.  Owing 
waser  eavingt  Ka  56,  which  formerly  crossed  Yankee  Bar,  now  passes  above 
imti  "^  eoDunoao  above  Craighead  Foint, 
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Ta*lnt  Bar  CknU. — Ro  dAts  exista  for  noting  tbe  ohooges  in  this  looAlitj-.  Apptn- 
anoM,  bowever,  indicftle  •  fill  tbioagboot  iU  wbole  extent. 

Clumpf  in  SlMOt  tad  /iload  A'o.  30  ckatei  fiehnwii  •iirrrya  of  April,  1882,  and  Septmki-  ■ 
(Mober,  1(^3. 

Tlie  Hurvejs  of  April,  1683,  being  made  before  the  dikes  \rtre  commenoed,  this  MB- 
•jiariu)!!  givea  un  idea  of  the  ebanees  caiLsed  by  tboni.  Tbe  caving  of  the  banlu  It  . 
Ae^'s  Point  and  Elmot  Bar  and  the  deepening  of  the  chute  lielow  No.  38  hwl  b«giii 
•cveral  jearx  before  tbe  dikes  were  comnieDced,  and  I  heir  erection  bas  not  asjetclM 
any  chauges  in  these  localitiea.  The  shoaling  of  the  chnte  of  No.  30  At  it«  head  ia  ot 
eefcral  years'  standing,  and  atill  coDlinncs. 

On  a  tracing  the  dikes  are  shonD  Ml  Ibey  eiisted  about  AngDst  1,  as  the  npe  ii  ■ 
them  wbicb  bare  very  lately  been  closed  must  bate  influenced  greatly  tbe  cbMigM, 
~n-hicb  bnve  occnrml.  Tb«i>o  i;bauge«  ara  very  stmilar  to  tbo»e  already  noted  twin  - 
asoccnrring  bet«»a  tbu  Burvcjn  of  Decern lior-Fcbrunrj",  16eS-3,  and  Octobei,  ISS,' 
Oa  Ko.  31,  outside  of  tbe  dike,  a  Qll  ia  showu.  but  tlic  former  compatison  sbom  tW 
ilbis  ha«  eince  beeu  scoured  away. 

The  mean  cbaiigee  which  have  ocenired  in  these  clintea  are  aa  follows: 

Increase  In  bigb- water  sectional  ai«a Bqaaro  feet..    t,sn 

CecrcBiie  in  locr-wDter  sectional  area do pV 

iDcreaao  iti  low- water  width feet..       Mt 

Jjecrease  iji  low-water  raean  depth do..       (Llj 

An  approximate  value  of  the  exceas  of  the  voInmeofscOnr  over  that  of  611  lietwMf 
Qhe  high-water  sections,  from  ^  to  42,  is  22,426,000  cable  feet. 

Gauging  obierralioii: — Ganging  oliaorvBtions  bnve  bern  made  with  ilouble  floa^ 
mn  at  mid-depth  and  observed  from  the  end  of  a  base-line  several  hundred  feet  loagd 
-An  ordinnrv  watch  was  U(>ed  for  observing  time.  The  distance  over  which  the  fmi 
oage  of  floats  wan  observed  was  «00  feet. 

The  CDinpulod  dtacliargi'a'mcntionMl  in  Iho  table  of  resnlts  given  below  ( AppendiiJ 
liave  been  oomputed  from  the  viiuation  uf  the  Fulton  dischnrge  curve  given  in  nf 
report  of  July  II,  l^rJl,  to  the  Commiasiou.  Tbe  observed  valnes  of  the  discharmtfl 
4he  river  at  Bullerton  Tow-faead  on  September  6  and  October  ■iS  differ  &om  UmM 
•computed  by  Si  and  1  per  cent..  reBpeoliv^ly. 

It  will  be  seen  that  tbe  discharge  in  Lower  Osceola  Chute  ceases  at  a  ataoaN 
;about4feet;  at  a  stage  of  25  feet  11  passes  about  Tpercent.  of  the  volume  of  theni^ 
'The  obBcrvaliona  taken  in  KImot  Chute  show  CLut  lu  June  tUt-  upper  month  dischaigel 
about  oue-balf  more  than  I  be  lower  mouth,  but  tbnt  in  October  lUfsediscbargiv  wiM 
.about  equal.    The  disebarse  of  Chute  HO  ceases  at  about  a  G  f<>ot  ntage. 

Tbr-  Till  i»  of  tbe  iliscli:irt.-e  r.f  IVilimon  <.'bii'e  Ki  tlie  eiilin.' diM-biir;:e  of  tbe  rim 

■:.ii  OiliiliiT-Jti^stiiKi'  ■»■'  '■'■'■t)  this  w:,,  n.lii.-.Mi  to  U..^^,  oivinir  ton  sc.-uriiiir.'both  in 
rhe  Tennt-snee  »ud  niiibllc  i-bauuets. 


A  (iiblo  ncr,iuip,invi[]U  tills  r.'|">rl  n'lves  a  voiii].iinsMii  of  the  profil,.,- ^if  [1 
'Jlar.li  I,  1-^J,  on  wbicli  date  It  rea.'b.'d  tbe  hiijUosi  lev.-l  on  r.vord,  aii.l  ■ 
1^,  l.-<:l.  wb.'u  (he  atuge  Jit  Ijlnml  vean  3  f.'fl  aliovu  low  wiHerofl-TU. 
-Hi'cu  thiit  the  value  of  tbe  lull  iVoui  As.hport  to  Fnllon  in  l.:!ti  feet  Krvatpr 
Ilinn  III  Ilie  high  singe.  Tbii  dill'ereuce  in  a  uia\iinuni  at  Fetty'f  Lamlin 
between  that  |>oint  and  Asbport  lieing  '■l.'if'  feet  creater  at  tbe  low  sface. 
The  r..llowli.!;  values  of  the  fall  through  Bull.Tlou  Chute  from   Driv^.r'! 


From  tbe  tradng  showing  the  Iwii  prnlileti.  il  in  seen  Ibaf  the  excessivcK- higb  elopi 
■in  the  vicinity  of  Bullerton  Tow-bead  i»  acr-uiipanicd  ti.v  a  b^w  value  of  the  curv,-  ol 
mean  depth;  aliw,  that  a  marked  Kcour  ban  cieiiirri-d  in  the  locality  where  at  ihi 
liigh-waler  of  March  1,  IWftJ,  a  verv  heavv  Kb.pe  was  fooLiil. 

Durii'g  the  low-water  Kurveys  of  Au<;ust-Scpleiuber,  lSf;i.  and  Oelol.er,  las.cfeat 
■viiriatlons  were  fonnd  in  the  level  of  tlio  ivnler  at  ibe  opiioHite  e:(lremitieH  of  Ihi 
he  vieiftity  of  Bullerton  Tow-bead,  caused  doubtless  by  a  uhoal  ai 
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end  of  the  Tanneaee  Chntai  Mting  m  m  Adam  and  forcing  back  the  water;, 
iber  S9  the  fbUowinff  diflbraneea  in  elevation  were  fbnnd : 

Feet- 

of  No.  50  Tenncnae  above  No.  50  Arkansas 0.6^ 

of  No.  51  Tennessee  above  No.  51  Arkansas 1.3$ 

of  No.  53 Tennessee  above  jfo,  53  Arkansas ^ 1.62' 

of  No.  54  Tennessee  above  No.  54  Arkansas 1.73- 

of  No.  56  Tennessee  above  No.  58  Arkansas 1.78^ 

km  is  now  oeonrring  at  this  shoal  in  the  chnte,  the  effect  of  which  will  b* 
he  abovo  diffezences  and  inorease  the  discharge. 

GAVXHO  BANKS. 

Btmi,  The  l«ij|th  of  the  eaving  bank  in  this  bend  is  abont  14,000  feet^ 
:  ftmn  Ho.  SI  to  S6^  and  the  greatest  annnal  rate  of  caving  is  at  present  540 
)  eavins  sisee  the  lUl  of  1879  has  amounted  to  about  700  feet.  As  far  aa- 
eavingnere oeenxs  wholly  at  medium  and  high  stases. 
^MeftsPi.— Caving  here  ejctends  ftom  the  mouth  oi  Mill  Bayou  to  the  falB» 
>w  No. 33^  a  distance  of  8,000  feet;  of  late,  however,  but  little  caving  ha» 
ibove  No.  93.  The  mazimom  eaving  now  occurs  at  No.  33,  where  the  annoaU 
(feet. 

fJSImot  Btar, — ^Below  No.  34  the  cavins  which  was  in  pro^[rees  in  1879  stilV 
ontinoes,  and  to  it  is  dne  the  erosion  of  the  lower  mouth  of  £lmot  Chute  ancb 
e  of  Chnte  No.  30  at  its  head.  The  length  of  the  caving  is  about  5,000  feet,. 
raaeot  maximum  rate  is  360  fiset  per  vear. 

of  OMBCsIa  Bar, — ^The  caving  in  this  locality  has  been  in  progress  since  1879,. 
sh  date  the  head  has  receded  down-stream  3,000  feet,  and  the  cut  nowknuwu 
Idle  entrance  formed.  The  cavine  since  1879  has  oeen  1,600  feet  at  Ko.  41^ 
t  No.  44.  The  maximum  caving  of  late  has  been  at  No.  44,  where  the  bank 
fid  S50  feet  in  ten  months.  At  present  no  caving  is  occurring  in  the  locality,. 
having  been  revetted. 

to  ^^iMi. — Cavins  still  oontinnes  in  this  locality  and  is  most  marked  at  the* 
owing  to  the  swnt  current  in  Bullerton  Chute.  The  length  of  the  caving: 
iMmt  ^700  feet,  and  its  present  maximum  rate  270  feet  per  annum. 
tfteet  Crmifhead  Poiii^.— This  caving  occurs  almost  entirely  at  medium  and' 
es.  Its  length  is  about  15,000  feet  extending  from  No.  56  to  No.  68.  The> 
I  rata  is  about  2B0  feet  per  year. 

'  Tmmket  Bar, — At  high  stages  a  very  swift  current  was  thrown  against  the^ 
ankee  Bar,  due  probably  to  heavy  fills  in  Yankee  Bar  Chute.    The  bank. 
loosed  of  sand  has  receded  very  rapidly,  the  amount  of  recession  being  1,200 
Jannary  to  October,  1883. 
igh-water  caving  has  ocourred  at  Keys  Point,  left  bank  of  Chute  No.  30,  andl 

>  shore  below  Plum  Point. 

»  •  •  •      '  •  •  • 

BUMMABT  OF  CHANOX8  ON  THE  REACH. 

lowing  table  exhibits  the  mean  values  of  cross-section  areas,  &c.,  fron» 
"Odnt  to  Fort  Pillow.  In  all  computations  relating  to  low- water  dimensions,. 
ring  ehntesin  which  no  current  exists  at  low  water  have  been  disregarded. 

Aakport,  (kceolaf  No,  30,  and  Yankee  Bar, 

Mean  values  No.  17  to  71. 

MS  lulumss  havs  been  msMiued  with  s  planimeter  fhnn  onrves  shown  on  tncing.> 

in  hig^-water  sectional  area square  feet..  4,439 

in  low- water  sectional  area do 4,728^ 

In  low-water  mean  depth feet. .  0. 9* 

in  low-water  width do 109^ 

iw-water  sections  December,  1882,  February,  1883 square  feet. .  49, 52)^' 

iw-water  sections  October,  1883 do 44,.79*i: 

ar  mean  depth  December,  1882,  February,  1883 feet . .  15. 4i 

Brmean  depth  October,  1883 do 14.5^ 

« width  December,  1882,  February,  1683 do....  3,:K)B- 

V width  October,  1883 do....  3,199» 

lae  ofthedeeieascD  in  high-water  sectional  area  would  be  probably  materially 
If  the  fills  in  Adiport  and  Yankee  Bar  Chutes  had  been  ascertained.    Thi» 
\  has  not  effected  the  values  for  the  low-water  sections. 


%«ww« tb ^mjB ttOivStt,  Hn^ nk^v, MB^  nd Oatobn,  18BK. 
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AfPMWDIX  K. 


Jfa^m.  3te>.,  Jftr^iir  19^  UBS. 
t  Mtar  datad  SeptMiker  «»  1883,  I  lum  tbe 
of  wotk  rtona  mtn<tt  DM«mber  1,  UB^  intba 
Iha  h^wtUod  «f  Iba  HiMnnippi  SiTer  CoBuniarfin. 


B  BACK  tSD  HAJUOB. 


t:?s!s£ 


1  F!nBM^iChnt«ioinoatbofWoiruiTeroiittM 


L'vaiapptoTed  bj  the  CaamimUm,  an  aUotmeDt  of  9900,000  having  boen 

ttla  fozpow^  Hrf  at  a  aabaeqaMit  meeting  of  the  Cominiauoii,  on  mj-  orKent 

lal  aUotiMBt  of  185,000  vaa  made  for  tho  pnrpow  of  Tevet- 

' 'w  front,  from  the  freight  elevator  to  montll 


mk of  rinUng  mattwei  wae  nearly  oompletod  on  December 
iflTamattreMMwanmak  tht«e  in  the  vicinity  uf  the  cotton  ci 
la  ahoira  o 


1,  I98S;  since 

__. omprow,  and 

hmit  of  tlie  eityleree,  aa  ahoira  on  map.  Tbe  nppcr  bank  woa  graded  by 
mthe  deratoi  to eottoneompteaa  and  nretted  with  villowH  and  broken  Bt one. 
ion  to  tbe  leTelment  of  the  Dank  It  waa  neosMary  to  bnild  wooden  cnlverra 
ba  «i^  drainage  to  low  water,  in  otder  to  prevent  ita  cutting  the  bank  Into 
nd  Oiu  eatuing  fteab  cavlnjc. 

■oontofworfccooipletedheTe  waa  aa  follows:  Five  mattreasrsGOby  ISOfeet= 
IT  feet ;  13,700  cnoio  Tarda  bank  exoavation ;  362  feet  wooden  onWerts  3  by 
JKt  equare  jaids  of  npper  bank  revetment. 

norit  baa  apparently  accomplished  the  object  for  whioh  it  was  eonstmcted, 
im  atiaf«nnaa  of  fnrtiier  bank  caving.  It  has  stood  w«11  the  high  wat«r  of 
Iquteagrowtbafwilkiwahaa  made  Its  appearance  on  the  npper  bank  revet- 
paa  Wf  Ml  m^  be  newaary  from  time  to  lime  to  keep  tbe  onlvetta  in  order. 

aavKntEtn  of  HOPKnnj>  bknd. 

mA  nniMJatriil  in  rinldng  deep-water  mattreasce,  bnildtnR  npper  iMok  proteo- 
I  tba  giadlBC  of  hank  above  low  water.    The  object  of  the  work  la  to  hold 


'  »tA»^  \r,\r'muiw<rmtm^^m  H ■  m.Wa.^9m^m 


OtaS  iW— M  JwJ»WM|lg  hit  fWlfmw  MliL 


niil   ■»  vWck  vto  neCUcd  '  j  I'liii  ■  ■  ■■IIiib it  i  -  i|    -      TW« 

-■T  ----I'-f- ^ — r--*--lTrniiii  ■■■!  ■iilHiml      iil  li  ■  !■'■'' 

i»il«|wn— t  t—gtMM  b  toctow  ft— »  WMito  ' — -ig-     TW  ^Bcl  iC  tk- Boi  I 


iaaim  ■Mj  fbito  »  ttto  MBthl 
W  —JjTtatii  tUa  ki*d  of  Vtok  utO  the  wum-  kto  atool*  if  aM  siito  Mndii 
WwM  MiM,atobM|^tU>dnKad>nae«tel(«Ibed»pt**'*MWMttoliA( 
krrraucf.    AlU^walB'iifcMbeni  baBan«T'i>««ltt*HM»1i*Mri»HMb 
Ill'I'll.  —  O*  «M*MlTi»to  Jidaag  i|  ■■■i    il  111  ^i  il    1t«i  i      '^J 

TW  p i-j ij— I  caaae  m  ddaf  ia  Ibe  wosfc  has  bcc*  '""■■'■j  in  ■■Bcanaaw^BM' 
Dwi9£  )»v  *st*T.  wbes  it  i'  >li^) aid j  enmiul  ui  pail  tbs  wiorfc  ■•  rafMhHi^ 


.  arid  loacT^  0"  tiar^» 


Thcv  s-ive  l-etH 
-k"-  w^g..-*  T.^re  du.:  llisin  lh"y  woiiM  .riite  severally  Ifavi-  a':.i  '.aj"  dl^  rii:  -.bci: 


I  :-,  \\.,-.i,i.i-!.,i,.  D-  ' 


.■Mi-vwi.i.iRiv,Tlra 


.■M:":-i,.!>iKiv,-r.,.,. 
v.-i,  1-.-J.  aii.i  a  lunb- 
i-tsof  l.i.Uf. 
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JMhMl  1/ Mb  i^MiMl  ifiqpfMi&ar  95, 1882. 


^^Vi 

• 

Loeellty  of  levee. 

ft 

! 

Prieeof 
fUUnx 
tioiber. 

f 

m 

r 

OMi^   Joha    Bw    VmIj 
J.    W.    SSbldfe.     Lake 
MeGOTedtZlSa^  KeB- 

wfen    AflHDflL     pralileBt 
VWMpfl  CoBinel  and 

PeAer'e  XBlMfemenft  and 
bi«ika. 

JLekeGherleebnek i 

KI.S7 
82 

• 

23 

IM  per 
aere. 

Coetand 

10  per 

cent. 

C) 

jKmhanlnncpt. 

rmBMre  jyuiweount  eiui 
bneln. 

FlKker*e  Xnlergement  and  r 

hreelrai                          < 

LakeCheileebnek ( 

1 

•Heaivyehering,  |A8  per  aere;  light  clearing,  |86  per 

•wided  tD  lieOevoek  and  Tate  for  Packer*e  Xnlargement  and  Ineaka,  and 
LakeGhatlea  Ineak,  Wirt  Adama  hATing  declined  on  account  of  dedaion  zetea* 
aviellalMNr.  . 

JJb$inui  qf  HdB  €peH§d  Oehber  16, 1882. 


N 


V.  Laab,  BoliTar 
.aUalaSppL 

and  J.  T. 
MiMipliia.  Tenn. 

dt  OOn  Ifeenphia, 


dtTfeteiCkdonido. 

BeiUn,  Hemphia, 

9,  ttDaally  and  JohB  daa- 

I. 

Deni- 


Loealitj  of  leree. 


■ 

g. 


Bland*a   Bayoa 
land*e. 


to    Oar-' 


Garth'e 
aon'e. 

do. 


br^kk  to  Jeffer- 


! 


Bland's  Bayou  to  Gku-land's 

Garth*a  break  to  Jeffer- 
aon'a. 

Bland's  Bayoa  to  Oarland's . 

CKirth's  break  to  Jeflbr- 
aon*ii. 

Bland's  Bayoa  to  Garland's . 

Garth's  break  to  Jeffer- 
son's. 

do 


22 


III 


$75  00 
75  00 
60  00 
50  00 
50  00 

75  00 

76  00 
40  00 

40  00 
40  00 

40  00 
46  00 

76  00 


Embankment. 
ExcATatioD. 
Jefferson  break. 
Beard  break. 
McCIoud  break. 


ttwaidfid  to  TiaM»thy  SnUiTan  for  levee  tnm  Garth's  break  to  Jeibiraon'a,  and 
la  Bland's  Bajoa  to  Ghkrland'a,  their  bids  being  the  lowest. 

thMe  levee  repain,  and  the  following  work  was  completed 


• 

Amount  of  work  done. 

LtMB^enma. 

Embank- 
ment 

Ezoaration. 

Clearing. 

Cost. 

^1*  1^      1   ,1      |i 

CkMeyardt. 
80,822 
88,868 
44,800 
88,552 

Oubieyardt. 

A«r«f. 

$28,583  04 
11,179  30 
12,800  26 

StCMMMk 

1,061 

14.30 
22.83 
45.23 

kBl%ln«etoG«taid 

■Maknakto  JtObnon's 

22,554  11 

Trtri ,, 

860.642 

1,061 

82.86 

75, 110  70 

AR  the  eoolraetoni  conipletAd  ibeir  work  before  hish  water,  and  final  payments 
■•  Bude.  Sinee  fhe  eompletion  at  the  work  the  TeTee  has  broken  again  at  the 
idsad  toeafcy  sad  ehould  he  repftized. 


1    %i 


H       1  f«r  w 


>!      '  —     '"i 


«:.  S*r  paid  prtor  to  Detcembi 


-stoTO  >/*:  nr.  ;'^-?« 


■r».vj^ 


i..  M.  Mtller 


^  •SA.'5>" 


rijryT  rrr7:r5  r:2;  yrocTHi?  reach  axp  eari 


:<i8k    -w-cTv  ji*?ii : 


■Si.-'-'-"-  "^"*   •  •  - 

ibl-^-^  ... 

,\i  :::    
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fies  a 

OOeenS Ifil  00 

FmI 497  80 

IUmoum 11  63 

MbSrtflBM 16,iai  93 

HtoofflHt 3,198  91 

IMa 106,890  ^ 


A.  M.  MnxJOLf 


«!?: 


PAIR    OF 


». 180,960  00 

1,  IfiBib    AaiNiiit  ezpmded  ftv— 

Swthimk 75,116  70 

Lftbar 1, 499  33 

MatariAl 138  00 

3  30 

It 8  75 

igbiMn 1,600  00 

ClflA 175  00 

Impeetar 600  00 

StatkMMiy 8  26 

Traveliiig  expeoMs 267  95 

OfBoe  rant  «^  quartos 108  60 

Tdegnuns 60  41 

Sab&CoBee 36  00 

Adrertiriiig  and  printing 990  06 

Totid 79,832  26 

A.  M.  MnxBR, 
Mi^9  Ccrp$  of  Engineer; 


WKAXtoaon  of  iifkhi>ituem  fob  ouxyxt  of  thb  heixna  reach. 

^18891    Anotment 18,000  00 

IT  1.1883.    Amoant  expended  fixr— 

Labor 13.635  66 

Material 41  08 

Snppliee 68  66 

Bm>ain 6  00 

Outfit 607  65 

AasiBtant  en^dneer 1,205  00 

Clerk 175  00 

Draoghtsman 750  00 

Stationery 18  85 

Freigbt 29  65 

Office  rent  and  qnartera 193  00 

Snbaistenee 562  74 

Hiraof  plant 228  00 

Tdtal 7,511  29 

A.  H.  MnxsR, 
lUifor,  Oorpf  rf  Engineer; 
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icnttj;  so  joa  direotod  tiM  woiIb  thcmld  be  done  by  laborers  with  pick  and 
Thia  iaTevy  ezpenaiTe,  as  the  earth  has  to  be  handled  so  often  to  get  it  into 
.  Fotioiiately,  the  riyer  commenced  rising  and  we  Jnst  kept  our  work  above 
did  not  reqnire  so  mnoh  labor  as  if  the  water  had  been  at  a  low  stage. 
rading  the  bank  we  connected  all  the  pnblic  and  private  drains  and  carried 
to  low  water  by  means  of  wooden  culverts.  We  then  laid  wire  upon  the 
ink,  6  feet  apart  along  the  nver  bank,  and  6  feet  apart  up  the  bank ;  upon 
we  placed  wiliow  brush  6  inches  thick,  and  then,  on  top  of  brush,  we  placed 
s  aa  below,  and  secured  same  to  the  lower  line  of  wire  by  connecting  wires, 
the  brush,  so  that  along  the  upper  bank  it  formed  cue  iarge  mattress. 
ork  was  done  from  the  month  of  Wolf  River  to  the  elevator,  with  the  ezcep- 
portion  of  the  bank  in  navy-yard,  242  by  32  feet,  and  a  portion,  200  by  :{0 
ront  of  Brown  A  Jones'  coal-yaid.  After  the  willows  were  secured  to  the 
»y  were  well  ballasted  with  scone,  sand-bags  and  earthwork.  This  com- 
e  work  in  a  substantial  manner,  with  the  exception  of  the  work  noted  and 
le  amount  estimated. 

iona  were  suspended  February,  1883,  and  the  plant  and  outfit  turned  over  to 
Add  Bend  works. 

I  the  time  we  were  at  work  we  had  very  favorable  weather  and  the  river  was 
1  working  stage ;  but  we  had  considerable  trouble  to  contend  with,  for  want 
dent  number  of  flat-boats,  and  considerable  delay  was  experienced  for  want 

lately  after  the  suspension  of  operations  the  river  rose  and  covered  the  whole 
^  the  gauge  reading  34.75.  Shortly  afterwards  the  water  fell  to  18.20,  when 
mation  of  the  bank  was  made  and  the  work  was  all  found  to  be  in  good  oondi- 
the  elighest  sign  of  a  break  or  crack  in  the  bank  appearing. 

SUMJtARY  OF  WORK  DONE  DURING  aSASON. 

attressea  sunk,  120  by  60  by  2  feet. 

aaie  yards  of  willow  brush  shore  protection. 

ibie  varde  of  excavation  on  bank. 

et  m  wooden  culverts,  2  by  2  feet,  built. 

AMOUNT  OF  MATERIAL  EXPENDED. 

da  of  willow  brush. 

da  of  Cottonwood  poles. 

c  pins,  4  feet  long  by  1  inch  diameter. 

t  pins,  1  foot  long  by  f  inch  diameter. 

ich  carriage  bolts. 

mds  wire. 

mda  rope. 

Mc  yards  stone. 

id-bags. 

>ic  yards  cypress  bark. 

t  of  cypress  lumber. 

fc  of  6-inch  stone  pipe. 

lave  the  honor  to  remain,  very  respectftdly, 

Joseph  Burnet, 
AiiiBtani  Engineer. 
.  If.  Mn.T-ER, 
wpt  9j  Engfrnmn,  U.  8.  A. 

K2. 

or  w.  m.  rbe8,  assistant  bnoineeb,  upon  improvement  of  mississippi 

river  at  hopefield  bend. 

United  States  Engineer  Office, 

Memphis f  Tena.,  November  1,  1883. 

::  In  aoeordanoe  with  your  verbal  instructions,  I  have  the  honor  to  submit  a 

'epcsations  for  the  improvement  of  the  Mississippi  River  at  Hopefield  Bend, 

I  tiesch,  firom  December  1,  1882,  to  October  31,  1883. 

Jeet  of  this  work  is  to  pievent  the  caving  of  the  bank,  now  rapidly  taking 

d  whieh  threatens  ii\|ury  to  the  harbor  of  Memphis. 

wriaoD  of  the  survey  of  September,  1883,  with  that  of  December,  1877,  shows 

Muak  in  the  middle  of  the  bend  has  receded  1,500  feet.    From  Ausust,  1882, 

nber,  1863,  the  caving  was  300  feet  in  the  middle  of  the  bend,  and  near  the 

;  above  Hopefield,  it  was  450  feet.    The  distance  across  the  neck  of  land  to 

below  is  now  about  13,000  feet.    To  arrest  this  caving  the  prqjeot  is  to  revet 

with  brush  mattresses,  these  mattresses  to  cover  the  bank  from  the  loot  r  ~ 
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AugoH  8,  ISSi. 
HoTCtnber  1, 1893. 


I' ol  ton  wood 

eniiV  iTi  front  of 
ligation ;  thno  I 

Euiik  in  front  of 
Exp«rieiic«  tn 

niaitms  aad 
cr  front  tlus 
n  of  theriTer 

fi\im  DHDg  tbe  l 

<ilv  «nili(<rilim; 


~-^— —  -rbweAwS 
■  ft—wOlmgoffwh— -3 
1»kB  UkB  MiMtrew  tnwias 
-i«^  lo«i«iWidiii»b,,  ud  i>1i3 

"""^"g  bwF*-  by  tM 
J^  &*i« 

[bull   -u  ol*.  Becared  bj-  m 

the  oDter  «lge  of  i^ , 

■VCT  Ibe   DUUIRM.  u4  t 

-^ — nB»t  on  tb«  nuniTM  J 

»  baigr  n-Bs  lU^n  ilimtm  oa  ( 
_dL-vil<vn  111-  sniill  tine*  mU     " 
_  ■■itrvas  ■tioiT<>.l  hIowIt  toai 
W«in.  then  a  r.v-k  b..r-e  «as  sw 

■ tli.,i„a.„vfnl 


_  wu  :[ire^  l«u;h  iiicu  ;  fourtoeo  i;.  k 
!imil  wUih  is  l^i^bed  alaok.'siile  of  u 
t>  Am  pL»:f  .nu  mtr.,  wh-  platf  it  jn 
litvfu>;imiopIm.-^.  whi-pe  ii  U  linul 
*peiuc!^  wa  in  the  maitivsi  after  » 
■at  oa  I'inJere  and  croH  po 
lio;  everybody,  beiiig  ai  m 


»part  longit^i..... 
■-T~  »a*  tben  pi»f«l 
MB*  i^»rl  bc,!^  ;  re-i.  Arounii  this 
■at.  ms*d  .uw<iaj  :bi  ^wea  » 

■n™...  lb*  bntUDpib 

Id.       Oa  ii-p  of  jhi*  a  Ion  ' 

Kit«irtl  tnuisTfrwly,  av 

Lai  »iS.'  I.'  ib(  boltum  ■ain- 

••i,  ,v•.^t^;  »-.-.iiK.iDe-.    Wheat 
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>  MianBHippi  Blver  CotiiiniBBiou.     ThiH  waa  loaned  na  1^  C»pt.  J.  O.  D. 
*■    a  Point,  Bud  wasretnnied  to  him  Aortly  Mter  the  hiili  t-*~    '---' 


Befom  Bguin  ccisniiiing  wnrk,  Anj^st  B,  18SS,  we  obt«in«S  >  amali  pDinp 

D^t.  W.  L.  Marshall,  of  Vickebar^,  Mba.,  and  trilb  the  IkHer,  work  U 

bat.     Buih  will  bo  dest^ribrd. 

t  KTAiltr  No.  S  confiistB  of  a  dniilo: 

»Deaa  Pomp  Company  of  Holjnke, 


inctioe  wu  kepi  at  about  23  inchea.  Tbe  piaton  speed  KTeragM  611  feet 
MvinK  a  theoretical  dracbargo  of  l,iJdOg»Uoneof  water  permiDnte,  This 
^r  with  three  M«el  iMiilerBof  40  horse-power  each,  waa  placed  on  aharge 
rft  feet,  nbich  contains  sleeping  qiiartisa  for  Wmen.  Attached  to  the  de- 
P  «r  the  pQiDp  is  a  Unom  G5  ftut  Uinf;,  made  of  lap-welded  wroagbt-iioD 
i  nith  cast-iron  ci>uiiectii>i>»,  nnd  bnvlvg  cmenings  at  rarioDa  poinla  to 
roan  be  attached.  This  boom,  with  »  doDbfe  Ma{p,  ovethann  one  end  of 
kai  can  be  raised  or  lowerci)  l>r  a.  luAMog  ensiDe  on  deck.  When  in 
MfoiIe  the  Lout  was  h«ld  uo;trIy  at  right  angles  to  the  bank,  with  the 

■  on  tbe  bank.  The  grnder  bad'ri'>t  lieen  mn  before  we  rraeired  it,  and, 
pnaofainprv  of  largi'  mzc,  mniiv  (:'i:<'  wu  lost  in  limbering  It  np  so  as  to 
Wtf.  O^lay  wna  also  cuii^d  by  b'un'  nuperfeclions  in  tbe  maohinery.  and 
Fnaalting  iu  (he  breaking  oi'  »  giiidi>-ami  to  alide-Talve  tod,  the  puton 
llrwsnlfl  lapiirt  an  '  '  --  .i  "■■  » ^..  _  j-  a_ 
M  pmupe,  Di^veseita 
ffa  tbit  «niall  drift  settini 
■e  laltr  was  I  he  principal 

^lacng  T        ■• 
-.oo  of         ,       . 

m  engiaeMv,  S  tiremen,  1  rDr«i 
XjiDDrt«en  men  in  all. 
Bto  wet  and  dirt;  work,  tbo  forciDau  and  nozzlemen  were  provided  with 
■110  complete,  including  cnpR,  bootM,  anA  gtOTea. 

~  waa  siqiporUHl  ui>on  a  stand  coniiirting  of  a  piece  of  gaa-pipe  firtnly 
e  groODd,  and  well  braced.  To  it  waa  attaohed a  piece  of  ronnd  iron, 
a,  luig,  which  passed  into  tht  iii|ie.  This  formed  a  nnlveraal  swivel, 
_TangeineDt  being  light  and  quickl.v  removable.  A  long  lever, 'damped 
pe,  r^dered  its  direction  <'bs,v.  so  t^at  a  large  atteam  waa  maaipolated 
''bsame  facility  as  a  small  one. 

[,  (be  noKzle  was  htild  as  near  to  tbe  liank  as  practicable,  and  the  atr^m 
|HBat  it  St  anglen  varying  fioni  4:."  to  nearly  90°.  The  top  part  of  the 
■tAiat,  so  a«  tualli>w  the  water  to  slRaya  flow  along  ths  face  of  the  cat. 
K  ozperience  the  no2):leiui.-ii  bod  no  tronble  in  holding  the  face.  The 
tSte  bank  was  hard  bloe  c^lay  and  buckahot,  interaperaed  with  latere  of 
Ifad  and  sand,  caasing  the  banks  iu  c^ava  in  atepa. 

F  of  nozzles  ii,  If,  and  I^  inub  diunieten  weie  nsed,  and  two  aiaea  of  hoes, 
Inobes  diameters, 
|n>ed  trials  it  was  fonnd  to  bu  best  praoUae,ln  the  hard  material  worked, 
ISottles,  large  bosc.and  bnt  one  stream.  The  water  pressnie  at  pump 
lAnmlSoto  140  ponnds  pi-r  ini-b.  I  think  better  reaaltaconld  be  obtained 
Bl  larger  nostlts,  .is  2i  to  '^}  inches  diameter.  Experience  in  softer  ma- 
^Kidduiws  beat  rusaltsfroitismiilter  noEslesand  two  atreoma. 
m  now  naed  cooKisIs  of  a  Dayton  cam  piaton  pump  of  the  foUowing  di< 
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nrMMerliDder 9 

huk» 18 

fm  boiler  of  dimensions  as  follows :  30  feet  long,  42  inohea  diameter  of 

■  two  14-inah  flues.  The  whole  is  monnted  on  a  barge  100  by  16  by  3i 
lE-t: i-ip  jg  (J  uiohes  in  diameter,  and  the  dischai^e  is  throngh  from  lOO 

nix-ply  t«st  boHf,  nitb  nozile  of  1^  to  1|  inch  dlametras,  the 
it  date  tbu  beat  rostilU.    Tbe  theoretical  discharge  is  st  date 

,  the  speed  being  80  sitiglc  itrokea. 

this  gradeiis  as  follows:  Uiie  steam  engineer,  one  foreman,  on» 
jn,  and  one  deck-band;  suven  in  alL 


t9>3,I«M0bligred  to  k 
'  of  tba  ban;  sioce  thuo,  n 
I  of  iM  panada  lo  the  inch. 
M  »ss3  to  1  fram  the  water  edge  to  the  hips(< 
'  tt  tbe  «aiall  ipadeT  waa  w>  macb  Icaa.  I  have  b 
pt^  tU,  ita  I  %aa  'Ji  to  1 ,  beiug  Kovenif  il  by  Ml 
— -*  ic.  sad  »lso  to  leave  •  vertical  face,  ^»if^ 


4  I*  IS  feet.     Cndcr  Xbe  head  of  "vorlc  done' 
~  vitk  both  jtraden. 
BcecK  TO  xoraansft  I.  1^83. 


to  dear  thi-  bank  of  tim1)er  Hoi  bn 


?t=i=i2rtrss.v 


vi^ik  a^  %  fasL  Mmj-  higa  l>w  had  bifen  oier  the  buifc  into  the  iraier,  _ 
iaWMt  afc^Mii—  f  lfc»  MtiMg rf  ■■ttwaia.  Tour  aiieotion  beiug  ealM 
tMa.  fmm  ahCMMd  tk*  0«H«J  SIMM  MU-boa*  H.  O.  Wrisbt  to  ruinove  tl» 
»iUaw  Dn^Bbw  7  aad  14,  tdttt,  the  ctcwvd  sboat  4  mi  la  of  the  bend. 

Ok  Dmtmkm  &  Ik*  alMMW  Ekmb  EtboMge  delivered  tbe  folloiring  pld 
Hldi—Bt  (iMiw  V*.  1^  t«w  MMiHi  boata.  aoe  marhinc-ahop  boat,  one  acrseMM 
■■<  aae  ta^B*  af  «aaL 

n«VH»AM«  w  at  ^M»  Bada  to  atan  Ibe  gtading;  whicb  was  begun  od  Dmil^ 
tat  U,  at  which  4al^  tha  yaw—  Wiag  fiualMd,  I  oommeDeed  aabsietiiig  the  bM 
0«iwl«tboBoB-oRi(al«  hBisaaaad^iaaiicr-bciatsfor  tbc  brtiBli   purtf,  tb>  >4 
«f  byline  BannsM  «aa  BOl  hma  ■atilJaiioanr  16,  l^Q.  at  nliiAi  date  '    '  ~ 
^i|[iiM«T  Joaepli  BancTiVhohMl  «bafg0«(*'"  —  -'      ' 


3 


patrrJoaeph  Banc;,  who  hM  «bafg0  «( the  work  of  pmiecliug  Mempbit  .. 
DOT,  matmeiiced  ooppljjag  na  with  fcaarft.    1  oblaloed  potra  from    bauk  Flsaiii 
and  olhov  bj fMiAiig a paitj  aemal  naka ap  tfce  rirer,  the;  retHmiag  to  the 
at  tii|:bt. 

From  Deit^mber  29,  Ij^  ta  Jsbbwt  15.  19^  ibe  United  States  snag  boat  Ji 
ll«agB  wad  employed  to  tow  wi!Iow»,  At.,  tolbe  works.    At  Ibe  latter  date  the  ctLl^ 
tend  tow-boat  li.  M.  Qiaham  arrireid  and  took  the  plac«  of  the  Meigs. 
UATTKass  otMuntccnox. 

The  coiutnietian  of  "deep-water  mattren'  waalieeiui  at  Hound  Cityfetn-Mt 
laodiDg  on  Jannary  16,  1883,  and  eoDtinned  nntil  Fe&nary  10;  dnring  wbinbtitl 
1,127  iiaeai  feet  of  mattrraw.  140  fi^et  wide,  wu  eorutmeted  aodennk;  IMbjSSM 


sob       b 

6   otJ  rf 

of  wr.      b 

pL      !» 

Tbe   a 

ndasnl          a  bwkii       du       re  arc        bbid 

e    ha              -nu              jO  nbMnibcaf;    ou  JanoMI 

l:b                  wknas  n           nb           eaeh    waM 

nbbbDk  barsw                  <1   and  n  cetoi- 

L      ank  was  bf^uDu  1           nnud              a  nuj 

.  w  as  su  peu                    o  of  li    h  n  a           D      nj,            d     ben 

nea    f       o    bank     -1  arifabu        daaoxt 


d  mgw- 
Tbe  o»- 
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f,  VniteA  States  Assist  act  EDginrer.  This  pftrty  b«^Bii  tfork  July  SS,  on  D«sa's 
iKbotit  t&  milM  above.  I  received  from  Ihem  I  be  Iirst  lisrge  of  Uruab  ou  Aiig- 
toA  beftan  tho  coBsirnctioii  of  mattresBes oD  Angust  6.  After  roDstrucliuK  493 
titt  of  iDattren  I  il«emed  it  expedient  to  aiuk  it,  as  coneiderable  drift  bnd  oc- 
d  abort)  the  mooriug  barge,  and  luuch  of  it  was  getting  uuder  the  mattresB. 


tHDtIf  lenglba  of 


gk  baa  been  sunk. 
■  and  kecpincpir 
—  uTiave 


increneei)  tu  1)00  uud  1,000  feet.    No  trouble 

of  tbiB  length,  it  iras  decided  (September  39)  lo  con- 

Tbe  mattress  uow  lieiuf;  built  ia  2,150  long,  1,580  feet 

Ko  trouble  nbatever  hna  been  lucl  in  einkliig  part  of  the 


viUow  party  being  lOBuffiLient  to  supply  i:s,  iinartera  for  70  men  were  erected 

nge,  Blul  a  second  part;  aeot  ont  ou  September  17.    The  water  beiiiK  too  low 

I  tov-boal,  both  paniea  were  nithdrawu  from  Old  Biver,  yivat  of  C'onieuoial 

^an  September  'M,  and  placeil  iu  tho  main  river,  irhere  bruab  was  ecarce,  and 

IM  diat*nc«  from  (he  river. 

Mober  15  t^  river  rose  sufficiently  to  permit  entrance  to  Old  River,  aud  both 

■Kliea  wen)  moved  there. 

kabortof  brush,  1  orgauized  a  third  party,  and  placed  tbem  on  "Old  Hen 

^Jlut  oppoaite  the  work.    They  are  aupplying  at  date  CO  corda  per  day,  our 

Iqniteiuciila  being  about  iOO  cords  per  day. 

£«  aliort  supply  of  bruab,  no  ahoni  work  man  done  until  October  2,  altbougli 
able  portion  of  the  bauk  had  beea  staked  out  .lod  wired  ready  to  have  loa 
IIkmI  in  puaition. 

a||iist  17  tbo  aoiig-boat  John  R.  Meigs  began  work  in  clearing  the  bend  of 
Bbe  fttilshcd  on  October  11.  haviui;  removed  live  hundred   and  forly-oue 
bd  tea  rack  heaps.     Tno  men  were  lust  by  falling  overboard. 
■ptcmbcr  34  a  small  flat,  loaded  with  COO  busbels  of  coal,  was  atmck  by  «  Iarg« 
■  and  sunk. 
■UoKing  tables  will  show  yon  the  work  done  in  dotojl: 

Table  Ko.  l.— CYCBAITLIC  OKADBB  No.  2. 
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Mattress  ncrk  <1odo  is  M  followa: 

WallressNo.  l.sunk  JonuBty  Ki,  1833 SOS'xlW 

Mattress  No. 8, sunk  January  a7,  ISKt inWxlW 

Haitre88No.:i,8U0k  tebrnsrya,  IBcO sgs'xIW 

HatlreB8No.4,BnnkF<.bruBry  10,  1&53 asC'xlW 

nsTxW 

MattreBsNo.5,6unk  Angustll,  1883 493' X 140' 

WattreaBNii.6,imnkAiigu8t23,  1883 eaCxUlC 

Wattrf8sNo.7,snukSPi>t6mbM*,  1883 962'Xl40' 

lIatlresHKo.e,Biiuk  September  15,  1883 9i^'xlW 

Ualtra«sKo,9.9unkStptemberas,  ItWJ lOaa-xUff 

WnttressKo.  10,  Huuk  October^,  1883 1580' XHO* 

MnttreanNo.  10,  allont &7O'X140' 

640S'XW 

Total  amoiiDt  of  deep  mattress  made 

Total  amount  of  deep  mattress  sunk 

In  addition  to  tbia  there  was  made  and  snnk  a  maltreas  100  by  300  feet  to  m 
cave  in  bank  between  msttressfs  Nos.  3  and  4,  dne  to  their  not  lapping. 

At  date  (November  1)  fi,7()0  linesr  feet  of  bank  is  covered  b;  '' deep-watn  ■ 

tregses,"  and  4,100  linear  I'eet  by  "npper-hank  pioteotion."    The  totttl  r  "' ' 

120,918  square  ytirds. 

In  preparing  lor  work,  the  following  (diobIIj  heavy)  timber  irBa  cleared frivfl 


Tablf  Aowing  material  Med  iit  eouttmolion. 


Poirt 

Win - ponnrti..  ^SUO 

Spik« ketnof  ISO  panodii.  .i  1S.0 

inita komof  IMpuumli..  2.0 

8I1UW cnblD  ju^. .  Ki.0      1.70X0 

1  havi-  on  baud  the  fullowiug  plant,  tie  : 
One  ([U.irter  b»»t,  130  bv  '2i>  feet,  capacity  180  men. 
One  qunrtcr-lHiat,  100  by  SO  feet  (donble-deckeil),  capacity  li»  men. 
Ouc  nuMrlcr.boat,  00  by  90  feet,  capacity  60  men. 
One  qiinncr-boat,  83  by  18  fe*t,  capacity  80  men. 
One  quarter- boat,  80  by  18  feet,  capacity  24  men. 
One  qnnrt<T-b«ar,  60  bv  16  feel,  capacity  30  men. 
Five  Hmall  But*  used  in  conMniclion. 
Four  w.Tecn.liar);e«,  100  by  25  fi*t. 
Two  mattress- w a vs,  160  bv  :t0  feet. 
Due  hydraulic  );rader-boat,  100  by  16  feet. 
One  machine  sbup.  13t>  bv  -^4  feet- 
One  d.tked  barge,  130  by  24  feet, 
Twentv-three  decked  barges,  100  bv  25  feet. 
One  dci'keit  barge,  100  by  18  feet. 
Tbirt^'nine  skitls. 

\  ery  respectfully,  your  obedient  aervaat, 

W.  U.  I 
UaUadS 
U^j.  A.  M.  Miller. 

GorpM  nf  Engimrtn,  C.  $.  d. 


I,  for  the  tune  beiog,  on  account  of  high  water,  and,  owing  to  the  long  con- 
of  the  aame,  was  not  recommenced  until  by  your  orders,  on  Aoji^st  1.  The 
this  portion  was  then  pushed  slowly  forward ;  the  party  consisting  of  myself 
)  men  only,  as  on  account  of  a  lack  of  funds  available  at  that  time  economy 


lOGTHOD  OF  MAKIVa  8UBVST. 

leto  triangnlation  of  the  reach  having  been  made,  both  under  the  direction 
J  ComiaUm  and  by  the  Coast  and  Geo«letic  Survev  (the  notes  of  which  were 
this  offliee),  and  as  most  cf  their  points  were  still  intact  it  was  not  deemed 
'  to  mftko  an  entixely  new  trigonometrical  survey.  Both  for  economy  of  time 
ider  to  make  a  more  exact  eomparison  with  the  previous  survey,  those  old 
ileh  were  found  to  be  in  good  order  were  nsed  in  the  new  survey,  and  the 
ch  had  been  deitroyed  and  were  necessary  to  insure  the  accuracy  of  the 
e  replaeed. 

nk  and  bar  lines  between  the  triangulation  stations  were  determined  by 
easoiementa,  as  were  also  the  sounding  stations.    Sonndings  were  located 
eetiona  from  two  transits  on  diore.  usually  placed  on  the  bar  or  convex  side 
er,  ao  as  to  give  the  best  angles  of  intersection. 
I  methods  of  making  soundings  were  tried  and  the  one  most  generally  used  was 


)i 


latter  nart  of  August,  as  yon  were  informed  that  an  allotment  bad  been  made 
impletion  of  the  survey,  the  party  was  increased  by  the  addition  of  a  transit- 
several  akifltoen,  and  the  work  further  facilitated  by  the  use  of  the  steam- 
aphne.  ^ 

Ibe  time  of  the  completion  of  the  survey,  as  originally  projected.  I  received  ; 

)i8  to  eontinue  it  up  the  river  to  the  foot  of  Island  No.  40,  an  adaitional  dis- 
7i  miles,  and  soon  afterwards  received  your  further  instructions  to  extend  it 
I  river  to  Scanlan's  Landing,  a  distance  of  l&f  miles,  making  a  total  length  of 
ong  the  main  ehannel  of  30  miles,  and  reaching  from  the  foot  of  Island  No.  40,  '  * 

above  the  foot  of  Jefferson  street,  Memphis,  to  Scanlan's  Landing,  18^  miles  i|n 

»  same  point.    This  constitutes  tne  survey  as  finally  completed,  and  I  will  {  \ 

consider  it  as  a  whole.  \  \ 

e  bad  been  a  very  complete  survey  of  almost  the  entire  portion  of  this  reach 
lade  in  1H77-^  under  the  direction  of  Lieut.  Col.  C.  B.  Comstock,  Corps  of 
n.  United  States  Army,  the  primary  object  of  the  present  resnrvey  was  to  {) 

the  chanipa  in  the  bed  and  banks  since  that  time;  that  is,  the  location  and 
f  the  erosion  of  the  banks,  the  accretion  or  formation  of  bars,  and  the  scour 
Kho  bed  of  the  stream. 


!  OF  THE  GROT  OF  EHODrBBBe,  TT.  8.  ASHT. 


Tha  Dkp  of  the  riT«T  Kibmitlfd  berevrithoonaislaofliinr  charts,  matte  toaMiktl 

1 ;  10,000,  B limbered  froiDCinetofoitr,  liegiaoiDeKt  the  foot  or  Islsod  Xo.  40.  AapnK 
ably  the  bt^Ht  inetbcMl  of  describing  tlie  ri-ii«li  aurvejed,  I  nill  take  u]t  the  cbarH  is 
numerical  urder,  tuvA  cuuitider  them  nepiintloly. 

Ckarl  ,Vo.  1  oxteuda  from  the  fool  of  lalund  Ko.  40  to  Mound  City  LaDiliDg.adistBin* 
alonu  the  ehannel  lite  of  7i  miles.    Of  this  purtJoD  of  tho  river,  ouiv  ihnt  pari  bid 
,_   _,_  _,_.._j  ^— ..  . .     .        _     ._  -,      ,      jofbijHa, 

,  „  ,  „  0  place  onlbl 

bead  of  Old  Hen  Man d,  and  Iho  bar  below  lias  kept  moviug  down  the  river,  foHowin 
the  rapid  caving  in  of  Hopefleld  Bend.  AtioTe  Moaod  Ci tr  Laodin):.  the  eaviogon  lb« 
right  bank  nince  the  " Conisloek  survey "  is  iiicosBideruble.  Above  the hnulDf  OU 
Hen  Island,  the  previous  survey  was  luitde  uuder  the  direction  of  the  JUiBsiwi[i|ri 
Htver  Commiftsiou,  in  lb79-¥0.  Aa  their  maps,  plotted  to  a  l.irge  scule,  have  urt 
been  fttmished  this  office,  1  have  not  been  able  to  plaee  their  xhore-liDeit  on  the  nt* 
maps.  Throughout  th«  reach  of  river  on  thin  chart,  the  width  between  bottk  linnii 
oxoeaiiive.  varying  from  3,000  to  6,000  feet;  but,  at  the  stage  to  tvhich  the  cliutli 
plotted,  the  widths  of  the  wat4'r-way  are  as  foUows:  3,000  feet  at  foot  of  Island  B'oil]', 
thence  contracting  to  2,000  feet  in  next  tlum  j^iles,  and  again  wldetiiug  to  5,OU0  M 
at  head  of  Old  Hen  Island. 

The  Bonndiuga  and  shore-Unea  on  this  ebart  are  reduced  and  plotted  to  a  hIsc><' 
water  which  corresponds  to  a  reading  of  11.4  feet  on  the  Memphis  xaune. 

Chart  Xo.  'i  extends  liom  Monnd  City  Landing  to  the  head  of  President's  blMd, 
a  distance  along  the  channel  line  of  T  miles,  and  includes  the  river-frout  and  haitnt 
of  Uempbis, 

The  most  noticeable  change  shown  lo  have  taken  place  on  this  portion  nf  the  rim 
is  the  heavy  caving  above  Hopefield,  exteudine  from  Mound  City  Landing  to  Hop*' 
field,  and  amoDuting  to  a  maximum  cotting  ofl.SOO  feet,  in  the  middle  of  the  bnd, 
•ince  the  xorvey  of  ltiTT-7d.  Kapid  cavingisalso  takingplaceoii  the  lei^  bBDhabon 
Wolf  River,  'niis  cavine,  by  compariiion  of  more  recent  surveys,  aeeuis  to  beinfiWM- 
iua  in  rapidity.  Gradual  caving  ia  also  shown  to  have  takeu  place  ou  the  river-ftiBl 
of  Memphis,  above  Jeflerson  street.  This  portion  of  the  front  has  been  pnrtisllj'  n- 
vetted  during  the  past  four  or  five  years,  and  the  caving  thereby  atopped,  or  at  iMl 
checl<ed,  as  considerable  caving  of  the  top  bank  has  taken  place  during  the  paat  JiA 
which,  although  not  showing  largely  on  this  tnup,  is  of  considerable  importance  U 
accoQut  of  the  value  of  the  property  affected. 

The  water-wav  in  front  of  Jlempbie  aod  Id  a  part  of  Hopefield  Bend  ia  cotitraetl^ 
to  a  width  of  only  1,600  or  1,8U0  feet,  at  the  alage  of  water  to  which  the  tliiirt  ia  plot. 
ted.  Thia  chart  also  shows  the  sweep  of  the  bend  oppos(t«  Memphis  and  the  coutM 
of  Four-mile  Bavou,  extending  almost  across  it.  The  shortest  distance  through  tliii 
bend  is  13,6oU  feet. 

The  soundings  and  abore  lines  oD  this  chart  aro  reduced  and  plotted  losatug''' 
water  which  corrcKiHinda  to  a  reading  oi  11.4  feet  on  the  Memphis  gauge. 

Chart  So.  :\  includes  the  wliole  of  President's  lalauil,  and  sLowh  the  muiii  cliniiLid 
and  chute  on  either  aiiloof  it.  The  nearly  equal  divinioD  of  the  low-water  di-iiinrp 
of  the  river  at  the  head  ut  the  islaud  has  apparently  breu  the  c.iuhc  of  ehoaline 
and  couiractiug  tho  low-wuter  channel  of  the  main  river  along  ila  north  and  ne^ 

Between  the  mouth  of  Four  luile  Bayou  and  Lake's  Lauding,  the  width  ofibt 
water-way,  at  the  Bla;;o  to  which  tho  chart  is  plotted,  is  only  l,;iOU  feet.  Belo* 
Lake's  Laudiug  it  widens  out.  but  becomes  shoal,  and  by  tho  furiuution  of  i 
middle  bur,  oue  niitc  above  Rowley's  Laiidiug,  the  actual  available  ehaiiuel  ianO' 
traded  to  600  feet,  and  mulutiiius  this  width  for  2,000  feel.  Tbu  dear  hi):li-wtl«> 
width  of  the  main  rivet  avera<:es  from  -4,000  feet  to  5,000  feet,  eiLclusive  of  the  chute 
between  President's  and  Vice- l're»i dent's  Islands. 

The  principal  caving  shown  to  have  taken  place  in  \\\\n  portion  of  the  lunin  rim 
extends  from  the  head  of  the  Appersnn  plantation  to  Jones's  Landing,  wheii-  ibetelU* 
been  an  average  cutting  of  from  400  feet  to  500  feet,  for  a  dislance  of  lO.OflO  fNt 
Caving  ban  lllao  taken  place  immediately  aliove  Lake's  Landing,  uverugmg  ^fM* 
in  width  by  oue-half  mile  in  length,  uud  from  the  luoulli  of  Four-mile  Bayou, up- 
stream, there  has  beeu  an  average  caving  of  IfiOfeet  for  a  distauce  of  a  mile. 

The  chuto  to  the  east  an<l  south  of  Pre.siileut's  Lsland  has  u  very  iniifomi  v'tAA 
between  bank  lines,  varying  only  from  a,00O  to  '2,200  fi'et.  At  low  stages  its  wirtll 
in  the  beud  is  contracted  by  a  bar  to  1,200  feet,  and  a  middle  bar,  or  reet,  alto 
olistrucis  the  upper  end  of  the  chnte,  for  a  distance  of  about  a  mile.  From  the  lacl> 
of  necessary  tools  and  appliances  for  making  the  examination  I  was  not  able  to 
judge  of  the  nature  of  the  material  of  which  this  reef  ia  composed ;  but  the  botlon 
of  IDU  whole  upper  portion  of  the  chute,  us  indicated  merely  by  the  feel  and  eSect 
upon  the  iouuding-laad,  seems  t«  be  of  a  hard,  graTvUy  nature.     Fr«m  the  foot  el 
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he  blafl^  at  the  head  of  the  ohute,  e  zeef  of  fennginonB  sand-rock  Jata  into  the  stream, 
ihowlns  at  a  stage  about  10  fiset  above  low  water;  and  this  midcUe  bar  may  possibly 
» of  tne  same  nature.  In  this  connection,  from  the  rex>ort  of  Assistant  Engineer 
E.  H.  Wilson  to  tJhe  secretary  of  the  Mississippi  River  Commission  (Jane,  1881),  I  find 
the  following  information  concerning  the  nature,  depth,  and  probable  location  of 
thii  rock.  At  boring  No.  1,  located  at  the  foot  of  the  blnn,  abont  tbree-fonrtbs  of  a 
■ile  below  the  head  of  the  chute,  fermginons  sandstone  stopped  further  progress  at  a 
Acpth  of  107.4  feet  below  the  top  of  the  bluff,  which,  according  to  his  diagram, 
would  be  abont  on  a  level  with  the  low  water  of  1872. 

Is  dsscribing  this  boring  Mr.  Wilson  says :  **  The  sand  rock  which  stopped  the  pro- 
pmof  the  boring,  it  seems,  is  here  of  unusual  extent,  appearing  above  the  water  at 
WW  itages  of  the  river  some  distance  from  the  bank,  which,  wasning  away  the  over- 
lyiDg  material,  has  been  unable  to  remove  the  rock.  •  •  *  It  seems  possible  that 
the  nbmerged  bar  which  extends  from  this  point  to  the  head  of  President's  Island, 
M  be  an  extension  of  this  sandstone  layer.'' 

with  the  exception  of  the  middle  bar  referred  to,  I  did  not  find  any  shoal  of  a  pos- 
rible  roeky  formation  in  the  stream,  which  would  appear  above  the  water  at  its  lowest 
itsp.  At  two  points  in  the  chute,  where  some  disturbing  elements  on  the  bottom 
(cmnicd  by  some  to  be  rock  reefs)  have  caused  large  boils  on  the  surface,  there  was 
mmd  not  less  than  19  feet  of  water  at  the  stage  sounded — 6.5  feet  on  the  Memphis 
pnp. 

The  Boppositlon  as  to  the  rocky  nature  of  the  middle  bar  may,  very  likely,  be  cor- 
Rct;  bat  a  thorouffh  examination  is  necessary,  in  order  to  establish  it  as  something 
MR  thsn  a  mere  hypothesis. 

The  distance  through  the  chute  is  li  miles  shorter  than  by  way  of  the  main  river 
It  low  stages  of  water;  the  length  of  the  main  channel  being  7f  miles,  and  by  way 
ef  the  ehate,  6|  miles. 

The  principal  caving  shown  to  have  taken  place  in  the  chute  is  at  the  head  of  Presi- 
int's  iBland,  where  there  has  been  an  average  cutting  of  from  200  feet  to  500  feet  for 
■  diitaiiceof  a  mile;  and  also  on  the  foot  of  the  island  averaging  300  feet  in  width 
bjeoe-half  mile  in  length.  Slighter  caving,  vanning  from  50  feet  to  100  feet  in  width 
hjtwo  miles  in  length,  has  also  taken  place  on  the  Tennessee  shore  below  Nonconnah 

The  loandinga  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
witer  which  corresponds  to  a  reading  of  6.5  feet  on  the  Memphis  gauge. 

Chart  Ko.  4  extends  fh>m  the  foot  of  President's  Island  to  Scanlau's  Landing,^a  dis- 
tanee  along  the  channel  of  8  miles. 

The  width  of  the  river  between  banks  throughout  almost  the  whole  of  this  reach 
ii  very  excessive,  being  from  5,000  to  6,000  feet. 

Fhon  Reeves'  Landine  to  Harris'  Landing,  where  the  width  from  bank  to  bank  is 
MNX)  feet,  a  middle  bar  has  formed,  which,  at  low  water,  divides  the  river  into  two 
umnels,  both  of  which  are  navigable  for  small  boats  of  light  draught,  the  one  on  the 
right,  however,  being  the  main  channel  and  the  only  one  through  which  largo  boats 
tsn  T»a«  with  any  degree  of  safety. 

The  bans  at  Hampton  and  Soanlan's  Landing  have  been  found  to  l)e  greatly  in- 
ncised  in  size  and  are  gradually  moving  down  stream.  The  width  of  water-way  of 
the  main  channel,  as  contracted  by  the  bars  at  the  stage  of  water  at  which  the  survey 
■Ddmsp  were  made,  is  2,600  feet  at  Ensley's  plantation,  4,000  feet  at  Hampton  Land- 
hf  1 1,700  feet  at  Reeves'  Landing,  keeping  about  this  width  to  Harris' Landing,  then 
widening  to  5,000  feet  on  the  crossing  below,  but  soon  contracting  again  to  2,500  feet 
Uid  keeping  about  this  width  to  near  Scanlan's  Landing. 

The  principal  caving  found  on  this  reach  is  at  the  following  points :  Between  Reeves' 
ttd  Hirris^  Landing  where,  for  a  distance  of  4,000  feet,  there  has  been  an  average  cut- 
^ of  300  feet ;  below  Fleece's  plantation,  where  there  has  been  a  cutting  of  200  feet 
teMOfeet,  a  distance  of  3,600  feet;  and  on  the  head  of  the  old  Cow  Islands,  where 
^  taving  has  bei'n  from  200  feet  to  GOO  feet  in  width,  by  a  mile  in  length. 

Might  and  inconsiderable  caving  has  also  taken  place  on  the  lower  end  of  Ensley's 
ihotstioD,  between  Horn  Lake  and  Collins'  Landini^s,  and  below  Scanlan's  Landing. 

neioundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
*iter  which  corresponds  to  a  reading  of  G.5  feet  on  the  Memphis  gauge. 

SLOPE  OF  T1IE  RIVER. 

While  the  par^  was  at  Hampton  Landing,  a  daily  gango  record  was  kept  at  that 
tint,  the  lero  of  the  gauge  being  connected  with  that  at  Memphis,  by  means  of  the 
irelsof  the  ''Comstock"  snrvey.  In  the  following  table  are  given  the  daily  gauge 
isdioffs  at  both  points  from  November  30  to  December  1'.),  the  zero  of  the  Hampton 
Mge  belnff  reduced  to  the  same  level  as  that  at  Meninhis.  The  daily  differences  in 
vel  and  a&pe  per  mile  are  also  given.  Taking  from  tnis  table  0.5308  foot,  the  avor- 
e  slope  2»er  mile^  and  multiplying  by  7f  miles  (the  distance  around  President's 
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XHQIinOa,  I7P0H  A  0UKVET    OF  THB 


UvRXD  Statu  EironnESR  Ovncs, 

ifempMf,  Turn.,  ifof  31, 1883. 

Ml  I  liftve  the  iMNioir  to  pfMcat  to  yon  the  following  report  of  the  surrey  of 
ift  SHMdw  MiaiiMiTOl  BiTer,  yoa  intrusted  to  my  eherge  during  the  season 
B: 

idenee  with  your  Istter  of  instrootionsy  deted  October  16, 1882, 1  at  onoe  or- 
peity  and  pfoeoied  the  neoeessry  outfit.  The  parly  consisted  of  one  assistant 
m  fiOMge ;  two  sab-assistants ;  fbnr  rodmen ;  one  leadsman ;  seven  oarsmen, 
m^;  the  qiiarter-boat  being  Just  large  enongb  to  accommodate  that  number 
I  kit  Memphis  Oetober  31^1882,  allowing  the  boat  to  drift  and  pUoting  it 
two  wdl-BiaQped  slcilEi  to  Commerce  Landing,  arriving  October  24. 
CnuDantslhmidied  me  were:  Transit  No.  4840  (Heller  sAd  Brightly) ;  transit 
ri^) ;  level  Ho.  4918  (Heller  and  Brij^htly). 

irnr-eomprised  a  tertianr  triangnlation,  shore  line  of  both  banks,  of  bars, 
n,  twands,  and  topocraphy  of  same ;  soundings  and  necessary  level  conneo- 
vosn  United  States  nench-marks  and  gauges ;  and,  also,  according  to  Airther 
«s,  dated  November  85, 1882,  location  of  levees  along  the  river,  when  it  did 
d  the  aiirvey  too  far,  and  the  ascertaining  the  level  of  high  water  of  1882. 
ny  triaogiuation  station  "  Peters^"  being  the  only  one  near  the  beginning 
«k  which  eoold  be  foond.  observations  for  asimnth  wese  made  near  Com- 
sdiqfc  and  the  triangnlation  earned  from  a  carefully  measured  bsse-line, 
in  Kngth|  eonneetinff  this  point  with  triangnlation  station  '*  Peters,"  to  a 
IS  at  tlie  head  of  Bor£anz  Chute,  where  obeervations  for  azimuth  wece  also 
a  eheek  on  prevhms  determination. 

.  K.  Landing,  Miss.,  the  first  oomplete  connection  with  secondary  triangula- 
udi  line  triaagolatton  station  O.  &— triangnlation  station  Waddell,  asimnth 
r^Mg  waa  made.  My  observed  asimoth  checked  within  ooe  minute.  The 
wetfoB  was  made  at  Hetona,  Ark.,  with  line  triangnlation  station  Battery 
— Mangnlation  station  Court-house,  and  ju^n  at  Friar's  Point,  through  line 
tioa  stalloo  Ship— triangnlation  station  Westover. 

to  determine  nver  slope,  were  placed  at  such  x>oints  along  the  river  as 

I  indicate  a  change  of  inclination ;  and,  elevation  of  their  zeros  was  deter- 

levda  firom  known  elevation  of  United  States  bench-marks.    A  number  of 

ted  States  beneh-marks  were  connected  by  chain  and  transit  with  tertiary 

tioo  points. 

ineons  readings  of  the  gauges  were  taken  at  two  ]K>iDt8,  usually  for  six  hours 
don,  and  days  selected  for  slope  determination  at  a  nearly  stationary  stage 
er.  The  result|With  dates  when  obeerved  and  stage  of  river  at  Helena,  are 
Table  No.  1.  The  rate  of  caving  of  banks  on  the  '*  reach,''  for  the  time 
the  surveys  of  1878-^  and  1882-%},  is  given  for  fhe  different  sections  in 
. S.  Sand-bars  have  not  been  considerediu  this  estimate. 
nsl  of  hi|^  water  of  1882  is  given  in  Table  No.  3.  The  stage  of  water  at  Mem- 
OL,  and  Helena,  Aik.,  is  given  in  Table  No.  4.  The  amount  of  work  done  is 
lttlaHa.6. 

TOPOOBAPHT. 

I  "naeh  "  many  of  the  secondary  stations  have  been  washed  away ;  in  some 
I  plowed  np,  and  in  others  buried  under  mud,  and  sand,  some  2  or  3  feet 
Brtianr  points  were  substituted  and  placed  in  close  proximity  to  each  other, 
(Toid  the  cutting  of  heavy  timber.  Stadia  lines  were  run  between  stations, 
rfnti  inland  taken  as  £tf  aa  stadia  could  be  read.  Elevations  as  given  on  the 
ycnd,  in  ftet,  on  a  plane  which  is  225  feet  below  high  water  of  June,  1858. 
I  iratiHr  eonesponds  to  a  reading  on  Memphis  gauge  of  34.16  feet. 

SOUNDINGS. 

idinc,  a  lead  weighing  17f  i>onnds  was  used.    The  original  lead  weighed  20 

Nit  ifiHind  it  too  heany  for  satisfactory  use,  so  1  reduced  its  weight  as  given 

nha  land-line  measured  100  feet;  the  actual  length  of  which  was  determined 

dmd-  mmnm  at  all  times  before  its  use,  and  correction  noted  in  its  proper 

RNnding-booka. 

Ifar.  linaa  wese  soonded  at  an  Interval  of  about  1,000  toet,  but  at  less  distance 

rttariifairbedainpcandehangeabla.    Two  transits  ooonpiedsnohtriangnla* 
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■■;v;-i.  w,-:i.     The  mail!  channel  of  rim 

■  v->i;-.s.i*  si.U'  and  jiasses  cbise  to  nortfc 

..-..  V  s^ •*.■■;'!  sliori'  han  a  lemlencj  toil 
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-  ifie  i-sensiiin.cloRinK  the  fonn«r«i»t- 
lit  i.jiv*;  i-:iiiTi>lv.  Thu  uorthempnrtrf 
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J  -fi..'  »;■«  «1*"*  along  eaatern  edge,  wlwl* 
Kiiii  fTevth  of  villonB  and  cottoowndli 
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€V9«  &  MUMMOWMBf  ^aSnAWf  JUIQUUUUy  VPOM  A  8USVXT  OT  THB  1IU8IS- 

nns  xmnt  ix  ihx  Yioiiarr  ov  xemfbis. 

UrnixD  States  Enoinxkb  Ofticb, 

Mmpkii,  Tom.,  March  12, 1883. 

uv:  I  tave.tke  hioiior  to  lalimit  the  following  leport  ni>on  the  survey  of  the 
Pfl  BITW9  In  the  TidnStj  of  Memphiii  made  under  your  instractions  daring 

■mf  was  iMcan  liaj^  188S,  under  the  direction  of  yonr  predecessor,  Mi^. 
I.  IWayawTdt  Corpe  of  loiginelm.  United  States  Army,  and  at  that  time  waa 
A  la  fadtode  only  that  portion  of  the  river  from  Mound  City  Landing  tci  the 
T^PMJd— tPb  Uand.  a  distance  of  7  miles.  Ten  days  after  field  work  was  dis- 
m^  ftr  the  time  being,  on  account  of  high  water,  and,  owing  to  the  long  con- 
aef  Hie  aame^  was  not  recommenced  until  by  your  orders,  on  An|a^st  1.  The 
I  firii  pettfcm  was  then  pushed  slowly  forward ;  the  party  consisting  of  myself 
eiily,  aa  on  aooonnt  of  a  lack  of  fonds  available  at  that  time  economy 


i  of  Angnst^  as  yon  were  informed  that  an  allotment  had  been  made 
of  the  aorvey,  Uie  party  waa  increased  by  the  addition  of  a  transit- 

I  amnl  akiffimen,  and  the  work  further  facilitated  by  the  use  of  the  steam- 

fWiihnni, 

■iSe  time  of  the  completion  of  the  survey,  as  originally  projected.  I  received 

foot  of  Island  No.  40,  an  adaitional  dis- 


to  eootinne  it  up  the  river  to  the 
*li  Blles^  and  soon  afterwards  received  your  further  instructions  to  extend  it 
•  liver  to  Scanlan's  Landing,  a  distance  of  15|  miles,  making  a  total  length  of 
ilsiig  tlie  main  ohannel  of  30  miles,  and  reaching  from  the  foot  of  Island  No.  40, 
saMve  the  foot  of  Jefferson  street,  Memphis,  to  Scanlan's  Landing,  18^  miles 
la  same  point.  This  constitutes  tne  survey  as  finally  completed,  and  I  will 
s  oonalder  it  as  a  whole. 

n  kad  been  a  very  complete  survey  of  almost  the  entire  portion  of  this  reach 
made  in  1877-'78^  under  the  direetion  of  Lieut.  Col.  C.  B.  Comstock,  Corps  of 
n^  United  States  Army,  the  primary  object  of  the  present  resurvey  was  to 
I  tlie  ehangea  in  the  bed  and  banka  since  that  time ;  that  is,  the  location  and 
af  tte  eronon  of  the  banks,  the  accretion  or  formation  of  bars,  and  the  scour 
the  bed  of  the  stream. 

MXTHOD  OF  MAKING  8URVST. 

plele  trianffulation  of  the  reach  having  been  made,  both  under  the  direction 
al  Comstock  and  by  the  Coast  and  GcMletio  Survey  (the  notes  of  which  were 
i  this  olBee),  and  as  most  of  tbeir  points  were  still  intact  it  was  not  deemed 
J  ie  make  an  entirely  new  trigonometrical  survey.  Both  for  economy  of  time 
itder  to  make  a  more  exact  comparison  with  the  previous  survey,  those  old 
^ridi  were  found  to  be  in  good  order  were  used  in  the  new  survey,  and  the 
icli  had  been  destroyed  and  were  necessary  to  insure  the  accuracy  of  the 
vaiepiaeed. 

■nk  and  bar  lines  between  the  triangulation  stations  were  determined  by 
teaamements,  as  were  also  the  sounding  stations.  Soundings  were  located 
aeetioDO  from  two  transits  on  shore,  usually  placed  on  the  bar  or  convex  side 
vcTt  eo  as  to  give  the  best  angles  of  intersection. 

dmethoda  of  making  soundings  were  tried  and  the  one  most  ^nerally  used  was 
aa  giving  the  greatest  number  in  a  given  time.  A  skiff,  with  three  oarsmen, 
tan,  and  a  recorder,  was  rowed  rapidly  back  and  forward  across  the  stream 
every  half-minute.    Every  second  sounding  being  located  by  the 


MB  airhting  on  a  flag  raised  and  quickly  lowered  by  the  recorder  at  the  iu- 
aauMung.  In  order  to  keep  a  check  on  the  numbers  the  flag  was  quicklv 
■d  kiwered  twice  at  every  fifth  sounding,  and  such  double  flag  noted  by  both 
lan  and  recorder.  On  account  of  its  too  ffreat  draught  the  steam-launch  was 
» be  of  very  little  utility  in  the  actual  taking  of  soundings  at  a  low  stage  of 
ft  waa,  however,  used  to  a  considerable  extent  in  the  immediate  vicinity  of 
L  tha  aonndings  over  this  portion  beine  taken  in  longitudinal  lines.  The  lead 
i  Wl  once  for  each  line  and  the  launcn  and  lead-line  kept  drifting  together, 
taken  every  fifteen  seconds  and  every  fourth  sounding  located.  This 
doabt,  gives  the  most  accurate  results,  but  was  abandoned  on  ac- 
XaDgth  of  time  consumed. 


B«k,.  . 
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nODRBBy  VOB  MBBUlLDmO  AID  m 
SAIXT  VBAXCn  AMD  FAST  CSW  TABOO  VBOim^ 

Ubixbd  8CAXB8  Ekqibbeb  Omci, 

CAPtADT:  I  hsva  the  bonor  to  mbmit  to  job  herewith  eetinuitoe  of  tmooli 
CBhie  Tsids  to  be  fl]led«  and  alao  the  iiiimber  of  Bene  to  be  eleared  ISor  the  nnh 
aad  rebaildiiiB  of  the  old  State  lenece  along  the  "  8eint  Francia  fkmit*oii  tlei 
bank  of  the  IfiMteippi  BiTer  BBd  the  "  Taaoo  IWmt'' on  the  eaa  bask  of  the  r 

The  Saint  Francia  ftoot  in  tliia  district  extendi  on  tlie  Aifcanaaa  aide  ftam 
Ko.  40  to  the  BMNith  of  Saint  Fianeia  Biver,  and  tlie  Tasoo  fkont,  aa  ihr  ae 
froBn  the  Chickaaaw  Uolb,  below  Meaiphia»  to  Friarii  Pointi^  on  tlie  ^" 

In  aeeofdanee  with  yonr  oiden,  I  liaTo  piepaied  two  catimatf    one 
aBovnt  €»f  cnbieyaida  needed  to  flU  the  gape  and  breala  in  the  dd  le 
BTe  tlie  anwwmt  of  eabic  jfaida  needed  to  laiae  all  loTeea  U  ftet  abom 
mSL    The  elope  for  new  ieyeea  ia  calenlated  at  8  to  1  on  the  river  aide  anil  t 
the  land  eideL    The  crown  of  the  leveea  eqoala  tbe  iill  np  to  a  fill  of  6  flMl| 
8-feet  fill  the  crown  win  not  eseeed  8  foot.    Tlieninek-ditchis4iSwtwida4Mi"^ 
wide  at  Che  bottoii,  and  3  feet  deep.    At  anch  plaoea  where  previonaly  no 
been  boilt»  the  raVtnlatanna  were  inade  to  a  height  of  Ij  feet  above  hiA 
fer  both  Mimatea.  ^^ 

The  earimatra  are  eoanpUad  partly  ftoat  aetoal  auffoja  made  by  Mr.  Gi 
BjaeU^  and  partly  are  taken  ftom  the  eharts  laade  nnder  the  dbeetlon  af 
OiHBBtoek  in  1878L    gVn«apointbelowOomnieroe,inTanicaConnty»tothe^ 
OonntT  line,  the  aoMwnla  are  taken  fironi  notea  and  profilea  made  by  the 
neer  of  Tnniea  County,  lir.  G.  W.  Owena,  and  flram  Coahoma  Connty  line  ta 
Point,  in CoahoBM Connty y fiom  notea  and  profilet  made  by  Ijeree  Inspector' 
Hewaon. 

The  high-watv  nuoka  are  partly  firaat  my  own  anrri^y  and  partly  from  AaM 
Engiaeer  Hnnler  Stewart.  In  kMatinB  the  new  lerees,  I  followed  the  line  of  thi 
leTcea  as  near  as  possible.  At  aneh  plaeea  where  the  old  leveea  had  oaTcd  iaii 
riTcr,  1  laid  the  new  lereea  fer  enoaffh  baek  to  probably  be  safe  for  aome  timi 
attach  a  sketch  on  traeiiig  linen,  shoiri^  the  old  levees^  and  also  showing,  in  red 
the  proposed  line  of  the  new  lerees.  The  map  shows  that  all  tbe  old  leTces  ^ 
constinctcd  to  protect  the  fenaing  iaterests  only,  and  that  the  distaneea  betweai 
leTfce  on  either  side  of  the  river  vary  firom  1  to  o  miles. 

I  find  that  tbe  highest  ground  is  always  along  the  river  bank,  and  that  most  o 
snrfece  drainage  goes  towards  tbe  inland ;  on  the  Arkansas  side,  to  the  Saint  ¥a 
River  baain,  and  on  the  llisslseippi  side  towards  the  Coldwater  and  Taaoo  baria 
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C^pt.  A.  U.  MitxjtB, 


Owys  ^  JNjfawrt,  T.  &  J.,  MmfkU^  Dam. 
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iMHunBsted  Ibr  tlw  flloffuv 
98^  BalMhrf,  iiMt'fllMk  Irtand  GtotoB,  Mid  abo  the  ig¥0l»Mit 

«CUaBa«aL 

«i  dinetod  ttfWMds  the  eompletiAii  of  tfafiw  work% 
and  to  UieiiiaaflmitioD  of  tbesoTtteMiii  woik  at 
rin  at  EUon  cr  Hopewell  Bar. 

aa  ibe  Garoliiia»  and  fionliiiaiia  or  Booelie  Bead,  at  the  hoed  of 
idAHaiomiapideaTiiigoftliobaiiketlianany  partof  iher^  and  the 
f  the  nhanrw  piodaoed  m  the  direction  of  enirente  below  is  plainly  aeon 
Cka  aBtteleiicth  of  caTing  bank  in  the  two  ooneaTe  bends  approximales 
u  Ib  tiM  Lowaiana  BendatPilcher'e  Point,  sinoe  December,  I80I,  the  cav- 
a— Atiiat  the  Miaaiaaippi  low-water  ahore-line  now  occnpiee  in  plaoee  the 
tte  Loniaiaoa  ahote-Une  then,  or  tiie  liirer  haa  caved  ita  entire  low- water 
»f^  tW0  ^g^water  aeaaona,  or  about  1,500  feet.  The  water  ia  exceaaivel j 
lag  ta  UNTtet  in  depth  at  low  water.  The  eflbct  of  this  caving  has  been 
vaHomrta  againat  the  Miaaiaaippi  ahore  above  the  cootmetion  works  at 
la  jpaiiiallj  ondermine  and  dea&oy  theae  woiks  at  the  head  of  the  chato, 
tlia  wodn  located  in  Skipwith  Chnte  itself. 

ty  was  ommiaed  nnder  Aasistant  Engineer  Willard,  who  waa 

AaaiatantTnrtle!  the  wooded  banks  cleared,  and  preparations 

)  aaUieaaing  of  tee  banka  there.    After  the  decline  in  the  river 

-woik  waaatarted,  bnt  during  the  aickly  season  no  progress  coold 

( too  seaiee  to  anpply  the  worka  already  in  progreas  and  incom- 

1,  the  party  has  bam  increased,  a  snag-boat  secured  from  Major 

nags  from  tiie  bank  to  be  mattrewed,  and  about  one-half  mile  of 

l;Stf8  linear  feet  of  which  has  been  sunk.    This  work,  however, 

ba  ebmpleted  or  made  secure,  on  account  of  lack  of  funds,  must  now 

S.— «K>M  DUKCAHSBT  TO  STACK  ISLAND. 

the  woik  haa  been,  during  the  year,  under  the  local  management 
Arthur  Hider,  who  aubmita  a  detailed  report  of  operationa,  with 
appended  hereto. 

3.— BUKGABSBT  STSTEM. 

ihraeea  the  iirat  work  of  contraction  on  the  reach.  The  river  is  here 
two  tow-heads,  or  dry  aand-bars,  into  two  channels,  the  deeper  of  which  is  on 
Ilia  alioie.  The  object  of  the  ailting  works  built  here  is  to  close  the  chute 
aiaaippi  aide  of  the  tow-heads;  and  at  the  head  of  the  tow-head  and  in  the 
la  five  croaa  dikes,  the  upper  three  of  which  were  provided  with  foot-mats 
a.  tba  two  lower  with  screens  onlv,  have  been  built. 
Iltadloal  dike  between  the  tow-heads  was  driven  at  high  water  and  was 
Ej^  a  Ug|h  dike.  The  works  in  the  chute  and  at  head  reached  only  to  the 
f»  if  water. 

a  ite  in  February  the  water  was  thrown  against  the  head  of  this  system  by 
;  bead  at  Pilchers  Point,  and  parts  of  the  upper  dikes  were  washed  out,  bnt 
\tmd  and  decided  fill  occurred  behiud  the  remnants  of  the  cross-dikes  and 
•1  dika,  between  the  tow-heads,  the  former  of  these,  before  beiug  broken, 
Wmnlij  oflbred  sufficient  resistance  to  determine  the  channel  to  the  west  of 
laAi  aa  desired.  Alons  the  longitudinal  dike  sand  was  piled  up  to  the  top 
l(te  aveiyahort  whlTe,  and  a  rapid  cutting  away  of  the  head  of  the  upper 
wKfi^^  mm  the  river  crossing  above  it,  set  in. 

Wft  a  tfanatened  water-way  at  low  water  through  the  Skipwith  Chute,  and 
I  tead  of  the  tow-head,  pile-driving  was  resumed  at  the  head  of  the  island 
salnto  April  4,  1883.  Croas-dtkes  were  driven  on  Ranges  37,  38,  and  39, 
km  atafM  of  water  would  admit,  and  a  screened  dike  400  feet  long  driven 
Inad  of  the  tow-head  for  the  puriMse  of  attempting  to  shield  it  asaiust  the 
UUh  set  direetlv  asainst  it.  At  this  time  the  water  stood  so  high  that  brush 
aat  eoold  not  be  nad.  A  small  quantity  of  brush  remained  on  hand,  and 
ltd  £a  constmoting  a  mat  130  feet  wide  in  rear  of  dike  37,  to  prevent  a 
$g  anttiiig  through  the  chute. 

tta  aeMOii  the  head  and  upper  flanka  of  the  tow-head  were  mattreseed,  but 
lliai  wont  orer  the  top  of  the  island  and  washed  it  in  two  behind  the  mat- 
'  la  a*  an  obstrnotion  in  the  channel.  The  dikes  on  fianges  37,  38, 
aMBplatad,  azaept  Barrow  ehannels  for  commnnieation  through 


1  liT  Ike  lircr  itelt    bAMBMBtwMl 

i»mrA  £Uw(  t^  Xht  c^H*  fcihi  a^  sbv  tta  ill 


K^a^HM  ac  the  wiAa  Steve  i>  W7  tat  tti^  a^ 


i«  Kafka  af  Ais  ayet<iii  >■  deagBrd : 
»  am  CMbatwood  Bar  t«  prcrmt  tb* 
>  mJ  m  kold  the  wstor  in  tbe  li«*i  aC 
~  ""i,  mod  a  Btrong  dike 


rteoBAH^  tkaM  vorka  .    ._  .. 

Kt»akMtt  tbB  t7  Ikat  itage  and  mntneMed  at  toM: 
mi,  fOtm  ttmehiag  Dearly  '     '"  '    ' 


led  on  Cottons  _ 

Ifci  nm  II  It     IT  1    li    1  nil  1    1 

S.    imiMuti  or  iSLutD  9S. 


_  of  tb«  CoMBiiKOn,  thaw  kad  keen  MMk 

f  il  iiT  iinilii   iiiii iriiai     jUlwiW 

>  kU  waicr  «(  Fkbtuty,  Itfia,  the  Haltiae-wwk  nait 

^E^dHs  Oe  bca  of  tk«  ialand  MbMl  Me  Md  »  hrfn 
«f  A*  anatn  vm  pot  at  work,  and  tbe  Iwaifc  an!  i 
_  «^  bAovnl  down  l.TOO  feel,  and  partullj  vcighled 
Ma  tkr  kaUing  of  tbe  face  uf  this  l«v-bcad  is  e^mtial  I 
-  b«)a«,  ,^  oat- work  was  prened.  Ixit  doe  u  m  latk  of 
irn;  ;be  o^^le^^pant.  ibc  work  was  caoelit  br  tfar  ffo 
«:l^  -.-V-  (-t:.>t"ib-  unnprbant  rvv.iQieiit  irai  ifKt,  an 
:  -«tL;-L-.i^ii-r\>ni  U'"iV,?i  lo  aX- iWl  La.ko!  ibeniW 
:.vj  -T  ;■„■;  ;.v,:r.  The  work  ii.  lK-:rig  divir  I'vrr  a«iD. 
.-    -^r-  J>--.-.  ::i  i-..r.*^iu.-i:,T  oflack  ,.f  ii.aicria;  and  n 


Albiiih 


■-  ,!r.;i.an.1  manv  of  ihe 
■.  -v-j.-  at  lasl  rffwteJ.  a! 
>:  Uren  coQstnicleil  and  a 
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Of  the  cRMB-dlkM^  aiz  extend  from  the  main  dike  aoross  to  the  Miasiasippi  shore, 
ad  riz  an  atill  Incomplete,  not  having  been  extended  across  the  chute  on  accoont  ox 
tewHter. 

lithe  bead  of  the  system  the  main  dike  is  bnilt  of  three  rows  of  braced  piles,  but 
•  Ae  highest  put  of  the  bar  it  is  only  of  two  rows.  The  croos-dikes  at  head  are  of 
Ane.  foor,  ana  five  rows,  the  better  to  withstand  drift,  and  are  protected  at  foot 
iftt  thick  foot-mats.  The  high  dikes  all  reach  to  or  above  the  25-foot  stage,  and  for 
C  feet  above  the  present  bar  snrface  are  now  being  closely  wattled  to  secure  deposits 
of  mod  for  the  snatenanoe  of  willows,  which  have  already  begun  to  make  their  appear- 


On  the  decline  in  the  river  the  deposits  behind  the  long  dikes  were  cut  in  channels 
bjthe  water  seeking  the  deep  chnte  behind  Baleshed  Bar;  iu  several  places  at  head, 
nd  here  also,  the  main  dike  is  being  closely  wattltKl  to  prevent  this  action. 

In  front  of  the  main  dike  a  mattress,  ranging  in  width  from  100  feet  at  head  to  60 
hsta*  foot,  has  been  laid  to  prevent  longitndiual  scour,  and  in  places  where  the  water 
UitliionKh  the  dike  into  baleshed  Chute,  grillage-mats  have  also  been  placed. 

Along  tbla  system  the  local  effects  of  main  and  crosH-dikes  can  bo  well  studied,  as 
tcD  OS  the  influence  of  drift  as  an  enemy  or  as  an  aid  to  these  constructions,  the 
■H»dikea  driven  at  high  water  having  caught  much  of  it.  This  will  be  spoken  of 
hnalWr  in  this  report. 

The  eflbet  of  the  dikes  of  this  Baleshed  system  has  been  all  that  could  be  expected. 
ihheai^  open,  i.  e.,  not  wattled  or  curtained,  they  have  caused  a  great  fill  behind 
ftoB,  have  extended  the  bar  lioth  at  head  and  foot,  and  thrown  the  current  well  over 
Is  tko  Loniaiana  ahore,  opposite  the  head  of  Stack  Island,  and  have  perha])s  reudered 
IkajBcnnanent  clocnre  oi  that  chute,  which  is  now  83  feet  deep  at  low  water,  a  pos- 
riMity  in  the  future,  the  main  channel  of  the  river  having  already  been  diverted  or 
Mooted  finom  that  chute  by  these  works,  aided  by  the  dikeH  reaching  from  the  foot 
of  Balcofagd  Bar  to  the  head  of  Stack  Island,  and  the  short  dikes  on  the  opposite  side 
of  the  river  at  Elton. 

The  pmpoeed  channel  at  the  hesd  of  Stack  Island  was  projected  throngh  the  crest 
of  Hopewell  Bar,  and  the  change  here  has  been  a  remarkable  one.  The  Stack  Island 
Chate  next  the  Mississippi  shore  wns  80  feet  deep  at  low  water.  The  Elton  Chute, 
ikag  the  opposite  or  Lonisiana  shore,  was  also  deep,  exceeding  IW  feet  at  low  water. 
Ml  the  Hopewell  Bar  filled  up  the  greater  part  of  tbo  main  projected  chanoel-way. 

An  open  dike  waa  built  above  the  head  or  Stack  Island  on  tbo  crest  of  the  crossing 
««oir,  and  a  aeriea  of  six  short  spur-dikes  across  the  head  of  the  Elton  Chute.  At 
Vgli  water  these  dikes  induced  a  deposit,  as  shown  on  the  map  of  the  April  survey 
haowith,  and  the  main  river  cut  its  channel  to  the  right  of  tlio  iHland.  as  projected, 
ring  immense  deposits  of  sand.  For  some  time  this  main  channel  was  more 
tlian  either  of  tbo  chutes  next  shore,  or  the  river  ran  iu  a  trough  excavated 


ftioa^  a  monnd  in  the  middle  of  the  river.    The  tendency  is  to  cut  across  the  nar- 
Nv  ndge  at  tibe  head  of  Stack  Island,  and  to  fall  back  into  the  deep  trough  behind  •• 
IhitUand. 

Thsdike  work  so  far  bnilt  here,  at  Stack  Island  and  Elton,  is  insignificant  in  char- 
irtw  and  must  be  very  materially  extended  and  made  both  stronger  and  less  permea- 
Ibia  Older  to  permanently  keep  tho  river  out  of  the  chute. 

lltlMNigh  the  worlu  havo  been  nearly  altogether  open  pile-dikes,  tho  efi*ects  on  the 
meh  have  been  very  marked  in  deepening  tho  channel. 

Daring  the  last  low  water  there  was  a  good  channel  not  less  than  15  feet  in  depth 
tkoDghont  the  reach,  and  navigation  was  without  a  hindrance  anywhere. 
Tbere  are  attached  hereto  tables  giving  all  the  work  done  on  the  reach,  prepared 
^  AoMstant  Engineer  Uider,  who  has  also  given  a  detailed  description  of  all  con- 
taetiona  naed. 

The  machinea  and  appliances  used  on  the  work  have  been  the  same  as  heretofore, 
llitfa  the  exception  of  an  appliance  for  holding  the  head  of  a  mattress  in  swift  water 
^riageonatmction,  and  until  it  is  safely  sunk  to  the  bottom  of  the  nvcr.  This  con- 
■Irtooi  aodrong  tmss  floating  at  the  head  of  the  mattress,  to  tho  lowor  chord  of  which 
tiBattR8B  la  attached  every  8  feet  by  rings  and  trip))iug-hookH,  the  latter  of  which 
te  aU  be  tripped  simultaneously  b3'  a  rod  attached  to  a  lever  at  rhc  Hhore  end  of  the 
laoi  and  the  tmss  released  from  the  mat.  A  nioiliiicatiou  of  the  hurdle-mattress 
IM  alao  been  found  necessary  iu  tho  deep  and  swift  currents  encountered.  This  mod- 
I  eoQaiata  in  running  nlougside  the  i>oles  on  which  the  mattress  is  woven  con- 
lineaof  inm  rods,  25  feet  in  length,  connected  by  Ia])-ringH  and  clevises,  the 


VMiginK  in  diameter  from  |  to  i  of  an  inch.    DrawingH  and  dcHcriptions  of  this 
and 


mattress-heud  are  herewith.    They  have  been  used  successfully  at  Pil- 
hn'b  PoinL  aa  may  bo  seen  from  Assistant  Engineer  Turtle's  report  hcrewiih. 
Tkt  dctaf liable  mattress- heiul  is  a  gri'ut  assistance  iu  sinking,  without  danger,  the 
oarfa  of  continuous  mats  in  swift  curnMits. 

MadifiGtttiona  have  also  been  found  necessary  iu  the  pile-dikes,  which  are  now  pro- 
idad  with  thick  foot-mata,  and  are  built  of  three  rows,  sometimes  of  fivo  ro^s,  iu  all 
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exposed  places.  In  three-row  cross-dikes  tbe  wattlioff  is  placed  on  the  middle  row, « 
along  the  middle  line  of  the  foot-mat.  In  five-row  dikes  it  is  proposed  to  wattle  tts 
second  and  fourth  rows.  The  latter  constmction  is  proposed  for  closing  chatsti  tit 
two- wattled  rows  representing  two  cross-dikes  with  a  short  pool  between  them,  giin- 
ing  the  advantage  of  wider  foot-mats  and  stronger  anchorage  over  two  cross-diJui  of 
less  width  farther  apart. 

The  vertical  close  wattling  has  been  adopted  instead  of  inclined  mats,  or  cartsioL 
as  first  used,  on  account  of  the  greater  cheapness  of  the  constmction,  as  less  materitf 
is  required.  An  eddy  will  be  produced  under  the  lip  or  crest  of  the  wattling  whn 
the  water  passes  over  the  wattling.  At  the  first  stages  of  the  fill  below  the  dika 
there  will  be  a  trough  immediately  below  the  wattling,  due  to  this  eddy,  but  after tb 
fill  above  and  below  reaches  the  level  of  the  top  of  the  wattled  portion  of  tbe  dfti 
these  troughs  will  evidently  fill  up  even  with  the  top  of  the  general  fill  and  tb 
wattliug  be  covered. 

All  the  results  accomplished  on  the  Lake  Providence  Reach  have  been  by  ops 
dikes,  mostly  without  either  screens  or  foot-mats.  It  is  certain  that  the  cnrrenti  tm 
be  reduced  in  velocity  by  piles  alone  until  they  are  too  gentle  to  scour  mnch  atlhi 
foot  of  the  dikes,  and  that  piles  alone  offer  sufficient  obstruction  to  cause  ntd 
fills  behind  them.  When  the  dikes  are  mattressed  at  the  foot  there  is  danger  t9  stif 
the  work  is  not  a  success  the  mats  will  remain  a  permanent  obstmotion  to  oAfipp 
tion. 

It  seems  that  it  is  better  to  secure  the  fill,  if  possible,  by  means  which  cannot  by 
any  possibility  be  damaging  if  they  fail,  and  afterwards,  with  an  expenditon  of 
much  less  material  than  necessary  to  mattress  and  wattle  or  curtain  all  the  dike^ti 
mattress  only  the  proper  parts  of  the  new  banks  secured,  or  else  in  the  first  con8tn» 
tion  to  restrict  the  brush  work  to  important  parte  of  the  dikes  only.  The  neueHUf 
for  mattressing  and  wattling  pUe  dikes  causes  great  delay  to  the  revetment  of  bsataj 
causes  the  time,  labor,  material,  and  means  to  be  expended  to  protect  cottonwwi 

Siles  that  can  last  but  two  years  at  best,  when  our  efforts  would  be  more  prditsb^ 
irected  to  the  bank  work,  which  is  more  of  a  finality.  It  is  my  impression  that  m 
pile  work  is  worth  the  extra  expense  of  mattressing,  except  strong  dikes  pisoedii 
chutes  to  close  them,  and  the  main  lines  along  the  proposed  new  banks.  Thoeefor 
closing  chutes  should  be  built  of  cypress  piles,  well  braced  to  stand  any  piuMuii 
that  may  be  brought  against  them,  heavily  mattressed  at  foot  against  soour,  aii 
wattled  or  thickly  curtained  to  form  permeable  or  submergible  dama. 

DRIFT-WOOD. 

During  the  early  part  of  the  rise  last  February,  fields  of  drift  were  brought  dom 
by  the  flood  and  lodged  agaiust  our  piling.  Most  of  this,  on  the  further  rise,  WMI»* 
leased  and  floated  past,  but  on  two  of  the  cross-dikes  on  Baleshed  Bar  there  wero 
great  accumulations.  These  dikes  were  only  of  two  rows  of  piles,  not  provided  wifli 
mats  at  bottom,  and  but  iosecurely  braced.  Thoy  were  strengthened  by  additionsl 
rows  of  piles  driven  behind  them,  and  the  drift  held  by  them.  At  first  small  psrtiof 
the  dikes  at  the  ends  were  broken  away,  but  it  has  not  been  ascertained  whether  1^ 
natural  scour  around  the  outer  ends  of  the  spur  dikes,  or  by  impact  of  drift,   w 

great  mass  of  the  drift  accumulation  was  retained,  and  still  remains  above  tbeia 
ikes.  Afterwards  drift  in  smaller  quantities  lodged  agaiust  the  high  cross-diket  is 
Baleshed  Chute,  and  in  one  or  two  cases  gaps  were  washed  out  in  the  dikes,  duets 
its  influence. 

In  all  cases  where  considerable  quantities  of  drift  accumulated  at  high  water tiMA  * 
has  not  only  not  been  any  scour  under  the  drift,  but  there  has  been  a  considanUl  I 
fill,  both  under  the  drift  and  below  it.  - 

The  action  of  the  drift  on  the  currents  and  dikes  seems  to  be  this :  If  in  small  qui* 
tities,  extending  a  few  feet  only  above  the  dike,  and  of  moderate  depth,  it  acts  ••  i 
barrier  with  an  uperturo  undomcath ;  the  head  of  water  is  increased  by  tbe  baniff 
and  the  current  uuder  it  directed  against  the  bottom  at  the  foot  of  the  piles,  which, 
under  these  circumstances,  if  uot  protected,  are  likely  to  scour  out.    When  the  sooo- 
mulation  gets  larger  the  friction  of  the  drift  and  bottom  is  more  than  sufficient  to  kill 
the  current  due  to  the  hydrostatic  hood  formed  by  the  resistance  of  the  drift  to  tin 
current,  flowing  down  upon  it,  and  the  water  flowing  under  the  drift  heap  mns  witk 
less  velocity  than  before,  and  de}K)8its  sediment.    The  main  body  of  the  water  thai 
flows  off  along  the  sides  of  the  drift  obstruction,  and  endangers  the  piles  on  the  fissb 
of  the  accumulations.     A  small  quantity  of  drift,  then,  is  dangerous;  a  larae  qumMf 
is  a  help  and  an  aid.     If  pile  dikes  are  then  built  sufficiently  strong  to  withstand  tiw 
impact  of  the  drift,  and  protected  at  foot  sufficiently  to  stand  the  sconr  consequent 
noon  the  first  small  accumulations,  this  material  may  be  made  a  very  important  put 
oi  our  resources  in  filling  up  chutes  and  building  bars. 

I  do  not  know  of  any  case  on  the  Providence  Keach  where  piling  yielded  to  jiremrv 


inraa  tt^— bepobt  or  naeuaan  sivbb  cohhibsion.    281  ^ 

fri/r,  bat  tben?  wer«  caseB  i<bn  dlkM  wan  broken  bj  tbe  A)to«  of  impaot,  and 
En  b;  Konr,  caawd  by  BmBll  drift  MownnlationB.  Tneie  an  other  oWM  wlun 
loUlian  of  drift  ia  supposed  to  har*  pnlled  pilei  ont  ■■  the  water  roM, 


XatoAMMNMeAaek. 

ma ppSTioas ftppiopHatimu (13,673  SS 

I  under  act  of  August,  18SB 660,000  00 

wlluiridalloliBeiit(tranHfcrrod) 1H7,500  00 

"■      J«lloiBieiii&omoi.allottedMaerTe 118,600  00 


KDdMlIij'CapUuaManihall.ftoBi  Jnlfl,  180^  to  December  1,  1868: 

RiEiindWola (93,068  46 

Pitas,  oori,  &o 3,eT3  IB 

Seniett M,061  80 

T««-bMtMTvice A 6,402  03 

6,968  33 

1.611  44 


lliauUuieoiiB. . 


_          Total 8r,0J5  23 

taM  hj  Captain  Marshall,  from  Dseember  1,  18ES,  to  NoTember  1, 

Fliituid  tools 163,766  fi6 

Biwh,  pUea,  &o 77,616  84 

BvTirM:  Construction 152,060  43 

Burveya 7,223  07 

Office  and  heodqaatien 10,433  64 

Tow-boaU  (including  charter) 17,464  11 

Snw-boat CSS  32 

Uedfcol  Bttend^utoe  (iwdndlng  dmia} 1,6!6  06 

22,774  61 

{iuclading  tzumartfttum,  tiaveUng  ex- 
Ac) .T...  7,170  02 


Total.. 


|mM  bj  Captain  Uarshall: 

ItanJnlfl,  lesStoDeoembarl,  1888 $87,075  23 

hwDBcembcrl,  IBSU, to urorembar  1, 1883 360,639  36 


TUsl  expenditDTCB 

hlwee  available  Movcmbw  I,  U 


I  TreMury 

haDda  of  Captain  Sean 

Me  in  banda  of  Caplwn  HftfiititT^  ■• 

Ll 


137,000  00 
4,700  78 
14,^7  II) 
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penditurM  ware  mad*  hy  the  oscculive  offlcer,  Missisaipjii  Eita  1 
aliug  jiropert  J,  &.C.,  for  ubo  on  Lako  Providente  Kearh :                1 

I>*Krtpil(iii. 

i 

Flnitcort, 
Mcb. 

Total  cort.         Dote  of  pajmeiit. 

UKrkiiuidsiiBte 

SUCM 

u 

1 

tt.moa 

3.  «DD  00 
l.MUOU 
1.300  OB 

3.000  00 

•22.000  00 

b:  000  00 

Dec.  188a  10  Mar..  1883- 

T7.-B,'llLM,1,1ll, 

Be,9i.iM;'i.'i,i.U 
».w. 

ia5.-t.-!.%. 

11,1. 'J.'*. 

Jon*  to  Aug..  1883 

M 

M,«0  00 

I 

0,900  00 
*;ooooo 

10,000  00 

J«n..l881 

'! 

20  00 

as  60 

!0«00 

13 

WSM 

tilt. 

ElMtrlcllBliUndm 

I 

038  60 

S,  030  10 

Uh.  to  Apr..  1883 

jMl.Mj.U«,ie» 

"""^i^Lr^" 

MM 

tOT.IHgS 

Barges  Nos.  135. 13G,  137, 138,  li.  use  on  Lake  Provi.lence  Reach,  were  paid  for  glM 

MumphlH  altotinont;  four,  al  tifiOO=iS,000.                                                                     ^ 

This  liHt  does  not  include  plant  bought  for  general  eexvke  out  of  Lake  Providtm  1 

aUotmeot.                                                                                                                                     1 

BBVKTMENT  AT  DELTA   POIST.                                                              1 

Awistant  Engineer  H.  St.  L.  Copp^e,  and  was  a  oonlinnaliou  of  the  work  begnn  In 

1978,  under  llicaniKTvininn  of  MhJ.W.  H,  H.  Bpn.vnur.i.  Cnn"'"f  ^"Kineprf,  in  «««*  \ 

RarlN.L  .  1  ■■■      ■ 

Kroni  l\,<-  il^ii,'  .11"  tliut  ivpuK  (  i),-L-iii,Litr  1,  l.^c^)  noik  pi..i;n -r-a.'il  .niii  juji.uisly  i""'' 
Keliniarv  lu,  Id-i^j.  ivhi'U  llii'  iilliaiui'Ul  Lud  lii'vu  I'xpciidid.  Tliv  plaul  \va»  tlitu  [lanf 
ferri'd  to  \Vil«iii's  r..jiit,  l.a. 

The  iviirk  during  Ibe  jiiisl.  yrar  w.is  carrk'd  on  in  llir  siinii^  inilnner  as  d.-.si-rilinlit 
the  fomiiT  ri-purl,  witli  thv  i>xiT|ilion  that  the  pilps  rhl-on;;h  the  Bhon>  etlt.  8of  ll* 
nials  ivcre  eiiiltled,  in  order  thai  if  liigh  ivatCT  hIiouUI  lind  thf  nork  iiieouijdute,  ««■ 
liunuuH  niat.t  might  he  suuk  without  interrntitloii.  overlappiug  the  Iiin--n'alrT mil- 
tn'H.',  and  with  the  further  exceptiim  that  a  mud  Hat  HOtno  U5ti  ftret  vrido,  lictairtbt 
old  liank,  wan  not  revetti'd  above  the  l:i-foot  stage;  also  the  upper  hank  ri'veimMt 
of  Ihu  laxt  <l:i5  feet  eoiiHistfd  cif  u  woven  hutdle-niat  sunk  at  high  water,  reathiuEU 
the  :W-foot  Bliigc,  instead  of  theusnal  upper  bank  revelniL'nt  whith  could  not  Iheota 
plate.!. 

Thn  wi.rk  was  e^irried  several  hiindri'ds  of  feel  hclow  the  head  of  the  sand-har  at  ll« 
point  al  low  w  aler. 

The  low  water  .just  iiaRsed  revealed  that  the  work  done  under  the  Commissit* 
Rtood  inlact,  but  that  tlio  mud  llut  meutional  above  Khoidil  be  eovered  with  bnub 
and  stone  to  jireveiit  a  iHisnible  eddy-ent  arouud  the  revetted  old  bank. 

A  fmulljiorlion  of  the  dike  built  iu  m^  at  the  nmjeeting  point  itsi-lf  lias  fallen  ik 
due,  prohablv.  to  tho  rolling  nwa.v  of  the  thick  liruah  mala  of  nhieh  the  dike^K 
lU'iiK'ipnlly  biiitt.  lu  all,  nbtnit  KKI  linear  feet  of  brush  and  Ktone  pateli-woik  shonU 
be  done  to  Ki'cure  the  work  againitt  another  flood.  In  alU-iliout  4,0U0  feet  of  revet- 
ment measured  along  Iho  bauk  was  laid, costing,  including  additiounl  qnartrrnon 
eliore,  one  i|uarter-boat,  and  the  redeeking  of  one  barge,  towing.  Bni>L'rinteudea«e, 
toohi  txansferri'd  to  Wilsi.n's  I'oint,  La,.  &c.,  (>75,T')-J.4a.  or  $1H.75  jw^r  liuearfoot. 
Hi.  Copptie  eoLiuiatcs  the  actual  cost  of  lalior,  subaistt-nce,  towing,  aud  material  u 
913.37  per  linear  foot,  aa  tho  actual  cost  of  the  work  done. 
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Jane  16,1878 $84,000  00 

ov64]faTCliS»1890 50,000  00 

cmdJane  14,  IMI 90,000  00 

OTtd Mttoh 3»  18B1 75.000  00 

Its  fnm  i^praprifttUm  Ibr  impxoirfaig  MiiriMippi  Biver,  Aa'> 

88 :'  50,000  00 

279,000  00 

nkr to Deeember  1, 1868 231,243  17 

lOmUe  Deeeniber  1, 1831 47.757  83 

lioM  DaMmber  1, 1882: 

ataodtooU |1,335  39 

vioM 22,781  45 

laisteiMe 6,318  46 

neaodooia 12,260  92 

irtoroftow-botttSyAe 3,408  37 

ioeaappUes 2b7  57 

loacnu  (ineladinff  trftTeling  ezpenaea,  tnu»porta- 
qoarten^ mole  h&ei&o) 1,388  03 

47,750  19 

lilalile  NofTember  1, 1883 7  64 

DBSDOnfO  ZK  TlCKBBURO  HABBOR. 

>  allotment  of  $100,000  made  by  the  Commission  from  the  general  appro- 
in^roving  lIMBHimi  Rtver,  and  the  project  adopted  by  them  September, 
^eve  aolieited  tor  dredging,  and  reeeived  and  opened  Jast  before  the  date 
tnnnal  lepoii.  An  abairaot  of  the  bids  received  was  published  in  the  last 
ib  CfMBndMion* 

ei  fiir  this  work  was  to  exeaTate  a  basin  300  feet  wide,  1,700  feet  long  in 
eloTaloi;  a  eanal  150  feet  wide  firom  this  basin  to  deep  water  in  the  lake, 
0)  open  tne  west  enteanee  to  the  lake.    The  dredging  to  be  done  to  the 
y  iosabnig  ffanse. 

It  leapopmbla  bidder  for  this  work  was  Mr.  Rlttenhonse  Moore,  of  Mobile, 
nts.  Tlie  next  lowest,  &  N.  Kimball,  of  Mobile,  Ala.,  at  18f .  The  third, 
x«of  Battlmote^  Md.,  at  19  cents  per  cobic  yard.  Of  the  three,  Moore 
ha  eonld  not  begin  work  nntil  Febmary  10;  Kimball  was  not  provided 
muk  Fdbes  St  Col  expressed  tiieir  ability  to  complete  the  work  by  Jone  30. 
■Able  sneosss  of  the  eiitire  project  for  the  yearns  work  depended  upon  the 
ft  wUeb  the  work  eoold  be  done,  and  it  was  especially  necessary  that  it 
mpMed  belbte  the  decline  of  the  water  that  could  be  expected  in  July, 
sssnnflffrt  that  the  work  shonld  be  divided ;  one-half  to  Moore  at  his  bid, 
Mr  half  to  Kimball  or  Febes  A  Co.,  at  their  prices.  The  entire  contract 
Id  to  Bfttenhoviw  Hoote,  of  Mobile,  Ala.,  the  lowest  responsible  bidder, 
■Ue  to  begin  at  the  time  leqnired,  prosecute  the  work  with  the  vigor  re- 
« tbm  apemfloatlons,  or  oomplote  it  within  the  time  spec!  fied.  The  work 
nMler  was  not  begnn  nntil  April  5, 1883,  and  was  prosecuted,  with  many 
U  Baptsmber  1&  1883,  whec,  on  account  of  the  rapid  decline  of  the  river, 
g  was  naeesHrily  suspended,  less  than  one- half  the  required  work  having 


■a  to  be  giTen  heiealler  in  this  report,  the  contract  was  then  allowed  to 
W  eoMo  yaids  haTing  bean  removed. 

to  yariod  t&ttmd  by  the  diedging  operations,  the  basin  was  excavated 
I  am  if  tbe  gange  Ibr  a  width  c?  Iw)  feet,  and  four  additional  cuts ;  or  160 
4ofWB  to  the  -|-«  plane,  80  fiset  in  width  of  the  canal  was  excavated  to 
■a,  and  aa  attanpt  waa  made  to  excavate  the  West  Pass,  which  since  tlfe 
rwator  had  lUlad  nntil  the  depth  of  cut  required  was  about  17  feet.  The 
fld  ftrwnntof  proper  fadlities  for  removing  the  material  excavated,  which 
•iBiL  and  tfks  won  there  was  ordered  abandoned  by  the  construction  com- 
Mpiri  Bivar  Coannisslon,  August  22, 1883. 

aaaea  af  the  ftflaia  of  the  dredging  operations  at  West  Pass,  and  the  in- 
adWen  afthebariai,the  wharf- m>at  was  removed  from  the  upper  landing 
^  AmmI  7, 1888,  whan  the  river  stood  at  23.7  feet  on  the  Vicksbnrg  gauffe, 
av  Mito  waaa  aaulnded  tnm  the  harbor  a  few  days  later,  or  after  the 
t  Ifca  IPtini  ati^  at  Vjakabnrg. 


ir  OF  THE   CHtET  OF  BN0T»EER8,  U.  8.  ARMT. 


of  the  vDtet  Iwlowfheeilgeflof  theeicaTatfN]  ares  oitcoaiTe  doub- 
. >__,.^ ,, .   ..  :e,«iW 


iannnls  of  the  niiid  deposit  oonipoaing  ita  side  took  pUce,  u 


iDnnrds  oi  the  niiid  deposit  oonipoamg  ita  side 
l-flnidit;,  or  plaaticlt;,  the  weight  of  thebnak<U 
tottom  nntil  the  alopes  reached  the  inclinatiou  of,.  ,q.  .u<'  ur— a 
■1  yraa  i;re»teat  id  the  deepest  part  of  the  eicavutioo.  on  ■ccosll^ 
,  high  deposit  Along  the  Vicksburg  fronl,  which  budIe  doim  TcRiolk 

I-      <  V  The  upheaval  here  amounted  to  ae  much  bh  8  f«t.    Thi<  milan 

. —  '"  .■ed  to  the  tero  plane  for  a  width  of  eo  feet  by  the  dtrdgp  ptwf  •' 

a 

.  <_  Jb»  excavated  area  are  now  quite  Kgnlai,  with  neu-I;  QQifotm  Jof> 
•k  i«r        uoal  to  eight  horizontal. 

Tkt  ax  of  water  tlirough  the  namiw  and  shallow  cat  made  bv  the  dnidgi  il  t» 
Weal  >  was  anfflcieot  to  keep  the  sand-bar  CQt  down  as  the  rivet  tell,  udotl 
bevia  I  i*»>o  to  make  their  appearance  in  the  harbor  on  the  fii*t  rise  of  Ita* 
nd  •  1  I  At  the  12-foot  atage  atcatnen  drawing  5  fc*t  of  waipr  now  IiidN 
th*«h_.-.,.j  adiogin  fivnt  of  the  city,  torn  in  the  basin,  and  go  out  IhratigbAt 
«Mal  aad  cot  -.  the  West  PaM.  Larger  boats,  it  ia  expected,  will  make  Ibsrif 
■MHMM  alklp^w  stage  of  Wkter  than  fin- several  jeara.  To  this  extent  ihr  dndf. 
hi  !■■  kMP  •  •  eetaa,  and  the  benefits  ao  fiu-  seonied  will  probably  tnirv  tbu  tM 
ik»«KpM<l  t-  «  II  npat  once  withuDdoD  ihcdnIM 
TterafM  !«f  Ding  river,  a«  well  oa  the  unfipMlA 
^AdsfM^-^  lb]  id  area,  inaLing  it  evident  that  thrtM 
«flk*ptvM  jecl  ---~  dy  greater  than  eontempLitiyl.anilU*! 
(randlvd)  reaent  low-watar  season  lieing  donbM 
ied  to  thl  .t  the  preeeut  eonlract  fordmlciM" 
^.  i-^  n  ^^  ^^  work  atwndonivd:  wluciok 


.nniwd  hj  AMsluBt  Eogineer  Cm^ 
ConuBtsnm  pMsed  iajDiie,  iPSl.aiW: 
^oaed  vorln  was  made.    The  raialn  •( 


ered  bj  the  propoanl  canal  and  liA 

k,  the  greatmt  fiU  being  neat  the  iM, 

mm)  aawuaU  ta  1,^««>.4  cubic  Ttftk 

..>^Btd  llwt  unah  bj  the  cuue  dwbiM 

n*  Rvrc  kMbeen  ihrown  over  against  the  bor  at  the  West  Entrance,  ai>d  luttll 
A>««.  a  Ar«ir  1(U»gne-shape<l  trongh  thtmigh  tbe  c«al«T  of  laM  year's  bar,  eal  i0* 
■ift  rawM  pr«c  the  Uisejaaippi  ahore,  and  jNlrd  np  a  harricT  wit^  a  uearlv  horiMW 

.  V-.  K--i.*s:h.'>.«nhw.-»t  <-iidofihelak.'.  Th*  :^-.i.'..avv  of  th.>  rivir  isiorntinj 
-  .■„  ■;  *  r. :::-.  an.t  tin-  s;in<l-har  aliive  l»f-lt.i,  »r..I  Kak-  -.is  U'nd  furllifr  in  lovu* 
■*  >,  i,v>  .■:■;,  :fiii;[hfuing  ila  nidiiiH  of  ciirvatiiri.  This  .taiiir^  will  ceoi-i-itai*  I"*' 
-\  ,  WW   n  veiiueiil  of  bniikii  alK>ve  Delia  lo  prv'ie^-;  ;;;>?  wi-rk  alria.lr  dune.   H* 

^.-;  :o  .l.<p  K.iler  for  many  years, 

',  ?,?  -■^TTAwd  iV.dy  current  uniiind  De  Soto  Iii',ir..i.  .md  the  conw-iuenl  inriu*^ 
I  ■.■.  :'-•.<■  ^.i.-lvr  i>f  Vii'ksbtirg,  results  directlv  fnirj  iho  ohanl^'s  at  V.nin,s's  Poirt 
f>  a  .■■.rTX':;;  «  ill  .-vid.nitlv  iiu-reaw  as  the  water  ;*  thn.wn  fiinhor  in  toward?  Vifb- 

>i<7s.  ■,■■■:-■,  :><^  a.-.ri«  >'f  water  to  the  lake  if  tT.ilrely  mi  otl  by  the  dqKisit.   W 

rl^«   .•■,■«  -^v;  ■' v  ,ttv,-;,'-.>iiij;  itsBewhigh-waler»hon>-".:nea.TvWihe<^Dii«oflhe1»l* 
S.'"     ■  ■■;^  ■■  i.'.i-  •;;  M*v  n-vV.-iled  at  that  time  an  averJiW  tii".  i-foolv  alMiul  owft* 

oj  ■- -v  \  ,  v.,  ,.-;  ■:■.:••-..  ^.■  th.it  the  j:teat  tiT],  shown  l.v  Lom-VT's  rrc.'ut  snntv,  i*" 
..,.,,■  ■  :  ,  j'v  .-"  :hf  >-.i-:i!;e  of  ihf  water  after  June  I.  TL:*.  if  it  always  liapi*"* 
,.  .  1.    >     ■   vT  ,iv;  :'.!,■:  ::■,  oo-jiiectiiMi  wiih  furth.-Tdre.lcinfioj>.-ratioQsiu"tlif  lui** 

>,;  >,-  >.  i.,i:>c  j-.iniia:  till  must  he  iini..v«l  ea.-h  year  after  June  l.MOn* 
,.,  .  ■:  ■■■.■  T>  L-7.  T>'.i:cb.  isa'.wavf  rapid,  or  dnriug  low  watfr.  the  priyccl  to  at'''" 
.^;.   .,■  .-■.  viLiav-on  hvanuual  dr,>.lginc  w,.nld  wvni  iiaprai-ti.able.  fortb 

^vv      ■■    >..;  ,*.*.-:'«':-ol  tiker'-aif  b.'lon>il>r.>n!ovaii>^i:e,-*.?#3rv.norc»ni''* 

,.,„■.„■        x"-  N:VTr-:ho  t:w:-.-   ther.vrrm  the  late  fall  tes:orv#  n.ii  .BJtion.    TlK 

V,^     l„    ...    --  •-•^•■v...iK.f  'i\v  .:ro.'.i;:iii:  a'.-iue  iindrr  thrw  i-onJiiious  is  to  liroM 

''   ..  ■„  .v;,--v  N-  ■.■<-.v».»rv  toi-.itrwt:!.-.'  ■iotiic  *,-oT;riiii;  f^>n■e.  as  the  Y.iMW  Ki"'' 

,  .  ,  ,,.  ^,-  '.^  ^^  »■■.;  ti-.-sUtov  rn-^v*.'.',  t-y  the  U-anl  of  Kiiciuwrii  of  l:^" 
....I .      '..    ...  ■.■.vi  >>.;;'•  »nU  itMj  U-  Vad  to  iTi  v.m  iu};re*sof  liiud  and  to  keep' 

,.t.i;  ,■.■  i  V'*  -V  •.■•.■,■;*',  a",  .l:!r.:-;  t'.e  -.■^'^"'^  oi  iLe  work  lo  be  removfJ-" 
■.■,i.w..i,    ■-.■..>     >  a  ■  ■  ■    .i.>»J  .'vvr  Ji\<"  A>'  ■,>!■;  jiir.uni^and  also  at  the  same  luw. ' 
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I  work  itMlf 


Bfiom  Cfnleiitiial  Lake  t«  (loop  watar  In  tlie  itrtt. 
n  the  eMiiuat«a  prepared  by  tna  BoMd  of  EnsiiiMn  fa  1S77  the  coat  of  tbe  diver- 
El  «f  Ifae  Vbzoo  via  the  dead'  end  of  Old  Biver  &  placed  at  $1,600,000.  The  removal 
f  Ibe  drposit  from  the  liue  of  the  oanal  ia  eatimated  (now)  to  cost  $766,000,  with  a 
lebablr  snonal  ciyieDditaro  to  maintaii)  an  open  cauat  of  about  1300,000,  or  say,  if 
hf  work  be  done  iiiinultantwiialv  and  at  once,  98,600,000.  Tbe  aaaeawl  valnatioo  of 
he  tiiy  of  VickBbiirg,  real  estate  only,  waa  for  laat  year  (188S)  |d,4I>8,000.  The 
nnot  nteatuboat  landing  ia  nbont  4,800  feet  below  tbe  elevator.  Annnal  valaa  of 
be  NKDineree  of  the  cit; .  about  $10,600,000. 

4hNei*atill  onoUuir  Mhpnic  nUoh  flnda  favcw  In  Tickaburg — asdoea,  indeed,  any 
■iKiMtoring  iu  water  frnnt— Mid  it  bthia,tliat  aioce  tbe  river  haa  now  deter- 
~it  Ticbsbnrg  ta  on  the  dead  end  of  tbeontoff,  and  the  expense  of  damming 


nipni  mad  at  that  eaA  iaunall  oompaied  with  the  expense  of  dredgine 
nl,  let  tlie  Vbxoo  bu  divoted  and  allowed  to  go  out  at  tlio  Weat  Pasa  and 
je  br  itBiigvA  from  the  city  front  to  the  deep  water  iu  tbe  then  lire  end 
This  would  reditcp  tbeprobahle  expenae  auont  one-thinl  and  allow  the 


■t  maage  br  dredj^i^d  from  the  city  front  to  the  deep  water  iu  tbe  then  lire  end 

■  Ue.    This  would  reditcp  tbeprobahle  expenae  abont  one-thinl  and  allow  the 

U  of  the  Yaxoo  to  be  inuda  with  advantage  to  the  eity  prior  to  excavating  Ifae 


y  baain  and  irauiil  boiu  deep  water  in  the  lake  alone  the  city  front  to  deep 
'*"  nver,  or  it  nunld  make  tbe  two  works  independent  of  each  other.  The 
_  M  of  placing  the  town  at  the  dead  end  of  the  cut-off  are  evident,  hat  the 
kta  ia  aUvautageonB  from  the  above  eonaiderations  and  from  the  further  foot  that 
■BM  opposed  tu  the  canal  for  tile  Taaoo  ultimately  along  the  city  front,  the  weat 
^Hwe  rrqntriug  only  to  be  stopped  Air  one  low- water  season,  and  the  canal  in  front 
W  city  to  be  prosecuted  to  oompleUm,  to  effect  this  end  ait  propoeed. 
tfais  scheme  wore  executed  it  would  M  advantageous  to  pnt  all  dredsed  material 
K  tbe  creet  of  the  mud-bar  and  aorasa  the  Una  of  the  proposed  canal  in  front  of 

"        fflngnaaof  moddy  water,  where  it  nnwrequiroa 

a  entirely  cloae  that  line  at  ordinary  high  water. 
the  ont-ofL  is  gradually  shoaling  twbind  the  bar, 


._ _.  ,   IF  rather  btfore  the 

w^Hnosiiw  1—00  are  wgmed  by  the  contraction  due  to  tbe  stow  deposit. 
BM^Mbna^  how«TW,  bavins  in  view  tbe  diversion  of  the  Yazoo  or  tbe  execution 
•Mdl,lDTMveaaiuiaudredgTngtomalntain  the propoaed  works.  At  the  present 
■Ikaf  UMTaaoo  this  paat  low  water  there  was  only  four  feet  of  water.  Boats 
Mriigttna  bat  atonek  uid  eneoonteied  difflcnlty,  luid  it  is  not  to  lie  presumed 
rtlt  win  ba  daqiar  at  tbe  proposed  month. 

IfeatallDiaB  sf  the  HiMiaMppi  by  deflecting  or  silting  dikes  and  revetments  above 
ItoMat  and  «t  Tonnes  Point  is  also  proposeil  for  the  purpose  of  bringing  the 
wAattw in  towards  tbe  town,  hat  the  cost  and  result  of  such  works  arc  still  mora 
■  adaptedtocloeeestimatea;  the  works  noald  be  tentativeand 

"     "■" "  '    ■    ■    —      ■   er  where  it  is,  at  least  for  many 

...  o  direct  our  olForts  until  donbt 

___yof  the  works  fi>T  that  end  ia  removed. 

■•  to  tlw  farther  prosocntion  of  work  here,  then,  the  following  propo- 

■■-   — ■■ '-an  In  the  order  of  cost: 

f  Vicksburg  Harbor  and  maintain  the  low-water 

1, 4,800  fiset  below.    This  requires  constant  watching  and  oare  of 

~  'Snsion  of  the  revetment,  after  the  bar  above  has  cut  away  as 

_  _»H«.dof  the  caving  In  this  bond.     All  other  projects  also  require 

H^Awiie  ._  _    ._. „  _    „       „    , 

talifMndato  the l^ksbnig  front.  This  will  reqaire  also  dredging  in  the  basin 
AwMl-dndnd  this  vear  to  a  greateror  leas  extent,  aa  it  fills  up.  Noestimatecan 
iM^bHt  ifwiU  probably  not  be  less  than  $30,000  per  annum  after  the  first  year. 

BEHhirttheTMOO  Into  Centennial  Lake,  and  allow  its  current  to  flow  out  at  West 
^  smd  toap  pwamt  eanal  and  basin  dredged.  Approximate  cost,  $1,850,000,  flrsl 
^IHi  MOMM  dndglng  In  eanal,  basin,  and  West  Pass  to  maiutain  it.  If  tbe 
fMratedlaebarmcn  tM  Tasoo  must  becontrolled,  this  estimate  will  bu  increased. 
'^'wttllsii  woold  make  the  sobeme  impraoticable. 

DIntt  tka  Taaoo,  olose  tbe  West  Pass,  and  dredge  canal  and  basin  in  front  of 
— ^   ■MtautedMCUOO.OOO,  with  annnaldredgiug  at  montbof  canal.    Same 

■  MBMfBtuUgb-wiiar  oontrolof  theTacoo. 

mtSUkm  Ast  tiie  navi^on  of  tha  Yamo  shall  not  be  interfered  with  by  the 
■dC  JMHodnaa  addtttoMal  dUBcnltiea  in  tbe  executimi  of  any  scheme  involvinga 


r  o^nnari  avaiNiM*  at  Ac  Arts  af  Ike  bM  ^ani  n^v^  arf  Ike  e 


C-iikawd   «■'■«»  wrrt  caapLI  :l  iiii  '.iixi-jLt:;    .-, 


-      -  ■  ■'-  -  -■  -.  J    '  ■:       The  wort 

^      •■■-.■  -     -.         -..^  .ri«  t«- 

7e<]iiiT«>l  MOM  XiOW  c=:^ 

<•*.-«*  j;  •t.-^  -■  ^■->-;  - 
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f  Biiitte  h&mj  boflkdiot  knrwi  dMing  the  ''Alaatia"  croTam;  bnt  the 

■d  IDBwam  cwwtmm,  mm  cmied  away  in  a  wind  and  rain 
and  thm  nsolted  to  the  oontcactor  a  loss  of  about  32,600  cubic 
lirar  haTing  detennlned  a  new  diannel  through  the  chute  of 
f  «M  w^^^MjOMd  lait  idnter  aa  protection  works,  are  now  made  parts  of 
liM^  4te  old  levee  in  ftont  beiqg  enUoged  and  used  also  as  part  of  the  main 

a  to  MDUkm't  bend'*  levee^  Looisiaiia,  another  large  and  important  work,  was 
fDeoflipMe  eondftion,  and  the  eaving  it  was  rendered  still  more  difficult  by 
nft  mtar  coMeeted  beolDd  the  levee,  which,  with  the  river  pressing  in  ftont  of 
*  w^Btftj  of  nalerial  with  which  to  raise  it.  Baiges  were  sent  down  fVom  the 
ffOaan's  Poin%  and  by  atrenuoos  efforts  the  tqp  of  the  levee  was  kept  above 
■nierial  taoMparted  nom  a  distance,  and  the  entire  work  saved. 
*'  Bcltn  to  Bedted'a'*  levee,  six  miles  in  length,  a  gap  of  1,100  feet  was  un- 
Backwaier  from  the  Diamond  Island  crevasses  shut  off  access  to  it,  and  the 
pm  maning  thioui^  low  places  in  the  banks  in  front.  Here  a  line  of  proteo- 
V  naaody  three  miles  long^  along  the  edge  of  the  river  bank  was  built,  which, 
tibe  fliloaAion  allowed,  was  reduced  in  length  to  about  one-half  by  a  cross-levee 
dn  woilCy  boilt  by  hbed  labor.  This  long  line  several  times  gave  way  in 
t  tbe  gups  were  in  eadi  case  jiromptly  dosed,  and  the  work  saved. 
Taaoo  flont^  in  Misstasippi,  the  flood  found  the  levees  in  such  condition  that 
entimly  aafe^  ezeept  the  Longwood,  Skipwith,  and  Elleslie  levees,  at  each  of 
deetiim  levees  were  bnOt. 

EUedle  gave  way  from  a  storm  dashing  waves  against  it,  and  the  water  broke 
leineomj^etemain  line,  flooding  several  plantations  and  washing  out  2,600  cubic 
vUi  from  the  main  levee.  This  break  was  more  advantageous  than  otherwise  to 
i  Imda.  The  banks  are  high,  and  the  water  on  the  first  decline  of  the  river  was 
ided  by  aseeond  protection  levee  along  the  site  of  the  first. 
bd  hereto  are  reports  of  Assistant  Engineer  H.  D.  Grarden,  in  chaige  of  the 
the  Tenna  ihmt  in  Louisiana,  and  of  Assistant  Engineer  George  M.  Helm,  in 
the  Tanoo  levees  in  Mississippi,  which  give  in  condensed  form  information 
g  the  levees  built  in  the  district 

tatter  gentleman  has  been  chief  engineer  of  the  Mississippi  Levee  Board  for  the 
fmn,  and  has  Imd  much  experience  in  levee  construction,  he  was  requested  to 
m  report^  te  the  information  of  the  Commission,  a  statement  of  the  work  done 
rw  dfitrift  anthorities  duriiu;  the  post  eighteen  months,  and  also  to  submit  the 
Hee^  as  ahown  by  his  experience,  in  stopping  crevasses,  building  heavy  levees 
Ua  fimndatiooB,  and  revetting  ihe  endB  of  breaks  to  prevent  enlargement. 
flsBOi  aobmit  estimates  fiir  nosing  the  levees  in  their  charge  to  3  feet  above 
eraiMkofl882. 

mnlao  sahmitted  with  this  report  tables  showing  earthwork  built  in  the  dis- 
\uA  1, 1883,  or  in  fimr  months  prior  to  the  flood,  and  the  condition  of  the  levee 
kr  the  vaiions  contracts  November  1, 1883,  the  date  of  this  report.  From  this 
le  it  i^pcan  that  thoe  has  been  built  in  all,  including  the  small  amounts  re- 
1  last  amraal  TCpoit: 

Cubic  yards. 

wt^  Aikanaas 243,428.0 

BBt^  Lontaiana 1,001,734. 0 

Mt^  MiMteiFpi 1,193,281.1 

ital ...-  2,438,443.1 

&■•  remains  to  be  done- 
Cubic  yards. 

front  in  Lonislana 99,381.6 

front 14,627.0 

114, 008.  6 

^•eled  that  work  will  be  completed  and  contracts  closed  by  December  1,  1883. 
MM  tbe  gmdes  of  the  levees  have  been  restricted  to  the  grades  of  the  old  levees, 
i  Wnion  to  "R^l^gii  where  the  bank  was  exceptionally  low,  and  the  levee  of  very 
— Imtlhiu,  from  the  nature  of  the  material. 

w  break  here  would  make  it  still  more  difficult  and  costly  to  rebuild  the  levee, 
Id  allow  enonnoos  qoantities  of  water  to  escape  from  the  channel,  the  ill  effects 
are  now  seen  just  below  the  present  crevasse,  at  Foster's. 
the  gmde  as  established  for  this  levee  was  placed  at  about  18  inches 
the  levew  immediately  above  and  below,  which  were  on  high  ground, 
tta  mady  part  of  the  line  built  of  increased  dimensions. 
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FOTAVCIAL  8TATE1CEVT. 

Tmmu  finmL 

To  amoontaUotted _.. --. $322 

To  anumnt  tnuiaferred  firom  Tacoo  front 2z 

To  amomit  ledeposited  on  aoooont  of  error  in  voucher  45 

Total 34fi 

Expended  prior  to  December  1,  1882: 

Oontractor'8 estiniatea $28,888  06 

Services — 2,616  05 

Instnunents 1,319  35 

Bnbsiatence —  177  93 

Miacellaneoos 637  20 


Expended  firom  December  1,  1882,  to  November  1,  1883: 

Oontiactor'8  eetimatea $239,531  20 

Services 10,372  11 

Services  on  protection  levees 4, 662  79 

Instmments 282  75 

SabsiBtence 135  69 

Office  supplies 357  42 

MisceUaneous  (including  bags  used  on  pro- 
tection levees) 2, 176  94 


$33,638  59 


257, 518  90 


Total  expenditnies 291, 

Balance  available  November  1,  1883 57, 

Yazoo  front. 

To  mount  allotted - f3S^ 

^y  amount  transfierred  to  Tensas  fhmt _ ^ 

Balance ^^ 

Expended  prior  to  December  1, 1882: 

Contractor's  estimates $28,435  49 

Services _ 1,511  00 

MisceUaneous 112  61 

Expended  from  December  1,  1882,  to  November  1,  1883:  ^^^ 

Gontractinr's  estimates $266,749  89  ^ 

Services 12,504  33 

Services  on  protection  levees 1, 082  73 

Officesupplies 304  50 

Instruments 170  60 

Miscellaneous  (including  bags  used  on  pro- 
tection levees) _ 2, 965  17 

^  V 

Total  expenditures ^^^'^Sv. 
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eoiutnieltd  ttnee  (Am  to  November  1,  1883. 
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l».002.! 
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SiKin 

a;M9.9 

— 'mTml* 

«,ia2.9 

163.182.0 

163,182.0 

1,306. 912.0 

i,o;T,«n.9 

ia7.a».i 

S9,3n.« 

iwioooio 

49.397.0 
67,a».i 

2^79610 

ra^  087.0 

3,500,0 

15, 97810 
31,017,0 

Mlsfflio 

m.im.o 

27.152,0 

M,Ba.i 

71,660.0 

8.BM,0 

70. 891. 0 
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68,631.0 
136, 2(3.0 

iiia.29§,a 

90.7H.O 
S^  882.0 
1.10,ft3S.O 

l^! 

TiiSii 

1.11(5,634.1 

1,106,422.0 

»,»..| 

iimr.o 

S;,^^'^'"'  >*"'*■  ■»'''«'■  *■"  wBshed  oway  diirii.it  flood  of  1883.    It 

l^™i.ri  Comptroller  ofthoTrraBUry  whether  llilaquBntily  will  luivi 

'<■  'he   levee,  the  amniml  ^f  ?ll'WJ  7,.\J^  j,^rA,  .IrMllTnaid  fOT  1 


irdi  ■Iroulr  paid  for  w 


impletcl  will  lie  313. OS7.7 


'2!^  Wade  by  Ihc  Mississippi  RiverCommiBSion  at  their  meet- 

^y  -wa«  or^ioizci  Sc|,iernher  30,  lt*:l,  hv  A'.-i.-tuiif  Kiigineer 
y  JW><I  location  of  levets  in  Arkansas  iromlbc  hi|;;Ii  liiad  on 
_■  /niles  hiM-k  fnmi  the  river  and  aMiMU  miles  above 
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Mltari^rcaBOMdltel  Bate  teflM  Bond  of      . 

Teoed  si  MsBpUiy  fltaplndMr  4^  186i^  Iwi  Ihws  bom  dfldooBfll  flvmt  <Miftil  m 
Hon  than  one-half  tbe  watw  that  CKq^  into  tiie  Itens  Birin  flim^ 
above  ArVinwaCity,  and  there  fa  ncm  an  gflbit  bring  inade  bjthe  State  ofXorii 
eotpcmtionay  and  prhrste  fndMdoalBin  Aikanaas  to  the  eflRsetcIoBnieof  tUaBnij 
a  oontact  te  the  irack  haa  been  made  Irr  them.  If  the  lednction  of  the  nala 
be  made  in  time  the  NBolto  of  the  emrrcj  wm  be  inooKpofatod  in  tfafa  xcport 
anbmitted  to  Ooogiem. 

ixvAVdAL  BZAxnoarr. 

Amoont  allotted . . . |l,€f 


Inatnmientoandootfit . S61  75 

Oei vices.. — .............................................    888  66 

Sofaeistenoe . 86  60 

MiaodlaiiBoai 28  06 

« 

Balanee  aivaflaUe  Nofember  1. 1888 S 

8USVKT  OP  GHOCXAW  BEVD  BX4CS. 

At  the  date  of  the  last  annnid  xeport  of  the  eomndsBion  the  snrreif  party  vak 
sistant  Engineer 'Vniliam  T.  Blnnt  was  in  the  fidd.  The  snrycj  was  begun  New 
17, 1883,  and  oompleted  and  the  part^ielonied  to  Wilson's  Point  I>eoember80^  18 

The  soirey  was  restiicted  to  the  bydngnq^  proper,  the  shore  line  aadetermiai 
Assistant  Enginfer  Odcennn  the  preoedmg  year  being  aceepted,  esoep*  whoe  a 
banks  renderal  new  locations  of  shore  lines  neoeasaiy. 

The  snrr^  extended  ftom  Cook's  Ptoint  to  Arlr  snnss  City,  a  distance  of  98  adkL 
amrcy  shows  that  there  was  not  lesi  than  13  iM  of  water  at  a  stege  eotiesuonfl 
a  gMige  reading  of  sere  on  the  Aikansss  Ci^gsnge^  or  that  there  eziated  no  oknln 
to  nsTigation  in  1882,  low-water  scsaon. 

A  complete  prqfect  far  the  im^ovement  of  the  readi  will  be  snbmittedwithftii 
at  the  eaiiiest  practicable  moment.  For  the  praaent  there  fa  no  eepedal  denandl 
improvement,  except  the  revetment  of  the  nppor  and  lower  banks  of  Cook's  Fbinti 
where  it  fa  csTing  and  a  cnt-off  imminent  Thfa  reqaires  7  n^fas  of  refvetaieBt 
probable  cost  of  $515,000,  if  carried  to  the  top  of  the  bank,  or  $210,000  if  nrtrielai 
snbaqQcoiis  mat.  The  caving  fa  now  back  to  the  cjipiew  swamps,  and  tlwmatetisl 
Qsoal  in  slowlv-deposited  bai&s,  heavy  bof^shotw  veiytongh  and  difficult  to  care, 
banks,  however,  are  wearing  qoite  rapidly,  and  tne  ccmfigoration  of  the  river  poial 
cnt-off.  The  neck  now  fa  nearly  a  mile  wide,  but  low,  the  water  flowing  aeram  il 
eral  feet  below  the  ordinary  hi^  water.  At  the  np-stream  side  of  the  neck  fa  Peiitai 
hollow,  leading  into  Long  Lake,  which  occupies  the  middle  of  the  neck,  and  dnta 
throagb  Qrpress  Bayon,  on  the  lower  side  of  neck.  The  danger  lies  in  thfa  low  di 
sion,  ^ready  sufficiently  lowered  to  caose  qnite  a  deep  channel-way  across  at  ld|^ii 
obstracted,  however,  by  a  thick  nndeigrowth  of  cypress,  willow,  and  eottomreod 
accnmnlated  drift-wood. 

The  report  of  Assistant  Engineer  Blnnt  fa  herewith. 

FINASrCIAL  STATXIfXRT. 

To  omonnt  allotted . .  $1,01 

Expended: 

For  services $1»587  92 

For  subsistence 405  06 

Fortoofaand  supplies 631  36 

Miscellaneous 66  68 

•    -i! 

Balance  available  November  1, 1886 ..    1,8 
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KKPOBT  OF  ABTHUS  HIDEB,  ASSISTANT  ENODfKKB,  UFOV  OPXBATIOX8  QV  10 

PBOVIDEXCE  CONSmUCnOK  PABTT. 

WiUBON'8  Fount;  La.,  ireosialcr  15^  U 

8lB:  The  following  report  of  operations  of  the  Lake  Providence  eoMtmethm 
ftom  December  1, 1882,  to  November  1,  1883,  fa  respectftdly  submitted. 

Hie  work  undertaken  in  acooidance  with  yoor  inBlanictton%  and  tiiat  wUdkl 
Aur  bean  azecuted,  has  had  in  viaw  the  following  ol^Mfa: 


^:3Ejri 


»  !■■ '  ■ffioiT'nr  imsiBfliFFi  biveb  comhission.    2829 


vidtliof  tiM  liver  in  places  wbere  it  was  exoeesiTe,  to  bring  the 
irilUa  the  lioandayiBi  flzied  in  aooordance  with  theoriginal  pngect, 
|»  vis: 

Sm  darivg  of  fbe  DimcMiiihy  and  Skipwith  chutes  by  the  coDstraction  of  a 
pOadflBSB  aft  and  near  the  head  of  t£e  Doncansby  chute.  The  filling  up  of 
DOBlflfaaiinaly  wUdi  waa  betwoeu  tiie  upper  and  the  lower  towheads,  by  the 
OA  of  •  pUs  dike  Joiaing  the  two  ban  and  the  ooncentiation  by  this  means  of 
OB  tha  Adit  of  tbe  towheada,  ao  as  to  permanently  fix  the  channel  next  the 
sboaa  aiu  pravenft  the  ftirther  caving  of  the  banks  in  the  Skipwith  chute. 
Tba  doriDgof  the  ICajenville  chute  by  a  pile  dike  acroas  the  head,  and  others 
tie  fliriliBr  down,  and  ue  protection  of  the  channel  side  of  MayeraviUe  Island 
MrtmctiOB  of  willow  mattsessea  and  revetting  the  front  face  of  the  island  to 
uther  owfing^  so  aa  to  letain  the  channel  of  the  river  in  its  present  location. 
TbedoiiDg  and  aQting  up  d  the  chute  between  the  Baleshed  Bar  and  the  Mis- 
Mse^  and  toe  pioikingatton  of  tte  Baleshed  Bar  at  its  upper  and  lower  extremi- 
yatam  of  dikca  placed  longitudinaUy  and  normal  to  the  direction  of  the  current, 
xpoae  of  reatriettng  the  width  of  the  riyer  along  the  Vista  and  Longwood  fronts 
en  limits  aa  wonld  aflbid  a  good  channel  at  all  stages  and  prevent  the  river 
9  ttm  Wmimtpsi  aide  into  the  Baleshed  Chute. 

Tbe  doringof  the  main  channel  of  the  river,  which  passed  between  the  footof 
Bar  and  the  head  of  StadL  Island,  and  bringing  it  back  to  the  right  of  Stack 
•  naton  of  deflecting  dikea  located  on  the  Louisiana  side  at  Elton  Bar,  and 
UnudUD^  driven  acmes  the  chimnel  between  the  lower  end  of  Baleshed  Bar  and 
if  Steek  lahmd,  ao  aa  to  prevent  ihrther  caving  on  the  Mississippi  shore  behind 
,  wUdfcbad  almdydaieagEeaitdeal  of  damage  and  was  increasing  at  an  alarm- 


eda  aoiMdii  to  be  ohtained  at  all  these  jxrints  have,  to  a  great  extent,  already 
p^yW**^!  aa  abown  by  compaiative  soundingps  and  surveys  fhmished  by  the 
rt;y,  wbidi  aceompaay  this  rqxnrt 

k  «  atone  to  pronBrlr  aecnre  the  revetment  work  done  in  November  and  De- 
'laat  year  akng  tlie  aoe  of  Id^enville  Island,  was  the  cause  of  tbe  caving  of 
in  rear  of  tbe  matUcas  work.  This  would,  no  doubt,  have  been  prevented  had 
laen  sfiUaUe  to  pn^edy  aecnre  the  work. 

moEiFnov  AVD  KWWEcn  of  wobk  done.      • 

4f  cMt. — ^Daring  last  season  a  system  of  low-water  dikes  was  constmcted  at 

pf  tfaia  diote,  the  two  upper  dikes  and  the  main  dike  at  the  head  consisting  of 

ofjpiling,  aecmeiy  braced.    These  dikes  were  provided  with  light  brush  foot- 

ladTwIUi  atone,  liod  between  the  piling,  and  had  screens  or  open  hurdle  work 

ftontof  tbem. 

tee  lower  dikes  acmes  the  chute  consisted  of  single  rowsof  pUes  with  screens  or 

De  woric  in  ftont 

ee  dUcea  did  good  service  and  caused  a  heavy  deposit  in  the  chute  during  the 

sr;  in  many  places  the  fill  extended  to  the  top  of  the  piles. 

in  dikea  A  and  B  built  last  season,  conoecting  the  upper  and  lower  towheads, 

bed  tbe  remit  desired,  via,  the  filling  up  of  the  steamboat  channel,  before  ex- 

fcween  tbe  upper  and  lower  towheads;  the  fill  here  also  extended  nearly  to  the 

I  pfitoa.    Tbe  two  ban  are  now  one,  and  even  at  high  water  there  is  no  channel 


aabeenannenl  enlargement  of  the  bars  in  front  of  Duncansby,  and  a  shoaling 
nte  alonff  its  whole  length.  At  low  water  this  season  a  skiff  would  not  float 
Dimcsnwiy  and  Skipwith  Landing,  and  at  the  head  of  the  chute  the  bar  was 
ibone  water,  no  water  at  all  entering  the  chute  at  the  upper  end.  Skipwith 
«ae  moved  down  nearly  a  mile  nearer  the  mouth  of  the  chute  on  account  of 
nrter,  to  enable  steamboats  to  deliver  fieight. 

nnt  of  tbe  xspid  caving  which  took  place  during  the  high  water  in  the  bend 
IdwHa  Pointy  deflecting  the  main  current  across  the  river  immediately  above 
■t  tbe  dikes  at  tbe  heaa  of  the  chute,  seriously  threatening  the  work  hereto- 
tt,  and  togatber  with  the  rapid  caving  back  of  the  upper  Duncansby  tow  head, 
id  been  left  nnproteeted;  in  accordance  with  your  direction,  four  additional 
&  0^  fl^  7,  and  §,  were  driven  durina  the  high- water  stages  across  the  chute, 
c aa  dow  to  the  dxne  as  tbe  depth  of  the  water  would  permit;  dike  No.  G  oon- 
ttma  lowa  of  piles,  with  a  woven  mattress  130  feet  in  width,  mode  in  sections 
W  teSOO  fte%  overiappii^  each  other,  sunk  in  rear  of  the  dike. 
•  lower  dikei^  Nok  7  and  8,  were  provided  with  thick  grillage  mats  between 
1^    XbHadOtai^  wbera  tbe  water  waa  ahallow,  consisted  of  two  rows  of  piling 
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ll«r  tb«  otBin  dike  from   Ko.  4  c^oss-dik(^  to  Ho.  11,  to  ptDvent  temx.     The  dike 

^  net  pmrided  with  a  woTeii  maltttss  in  ftoat  will  luve  a  tiiick  gtiUage  foot-mat 

iMOed  belmeo  tbe  n>WH  uf  iiiling,  which  is  now  being  done.     T&awVl  complete 

nariE  M  laid  out  at  Ibis  locatitj  in  accordaac-c  mtb  joai  iiiBtractiinia.     The  geneial 

■  td  tbe  work  h«re  has  beea — 

^  Tbe  enlArgeineDt  ol'  Uie  Baleshed  Btkr,  both  in  sue  and  height,  and  the  lengUwD- 

'tf  the  hex  by  acciutjona,  both  »t  ite  head  luid  at  the  (bob 

A.  Tlie  lining  up  of  the  Baleehed  Chule  at  lis  upper  end,  and  Hie  anlai^ement  and 

MMOg  of  the  chaotuJ  along  the  Visla  and  LoogTOod  fomts. 

■-  T%e  prevtntion  of  the  threatened  L-rosaing  of  tlieriTer  between  the  foot  of  Hajem- 

Itldand  and  the  head  of  tbe  Baleshcd  Bar,  behind  the  bar,  and  down  the  MiMiaai^ 

Uk  Hie  filling  ap  of  the  old  croming  betwecu  (be  foot  of  tbe  bw  tmd  the  head  of 
MfcUaad.  For  louitiOD.  &c,  of  this  work  see  adoampauying  map. 
BM  blaind, — In  order  to  force  the  main  I'baunel  of  the  liver,  which  flowed  down  the 
hck  Maikl  chate,  on  the  outside  and  along  the  face  of  the  iuand  between  it  and  tbe 
Hd  Bar.  a  main  dike  wnsisling  of  two  rows  of  piles  was  driven  irom  a  point  below 
VfaMorBaltehed  Bar  to  tbe  head  of  Stock  Island,  leaving  the  lon-wat»r  channel  from 
ifweed  tbrongh  the  Stack  Island  cbnte  uii«u  for  the  pMMge  of  boats.  This  dike  wae 
THB  M  a  low-water  dike:  a  g^llage  foot-mat  wot  conatmcted  between  the  piles,  be- 
Ukm  thf  bend,  as  far  down  as  caald  bo  pat  in  before  the  high  water  covered  the 
%,  '^htiing  high  water  thi«  work  tiboive<l  go(nl  reenlta,  fbrcing  tbe  main  channel  of 
1|tl*W  to  the  right  of  the  island  and  biiildiug  a  bar  to  tbe  head  of  Slack  Island,  as 
tamlqr  the  hi^-water  snrve;  of  April.  1883.  Antheriverfellto  low-water  stage  the 
IBimiii  iifi  li  |ii  on  tbe  chnte  side  and  the  uutUi  rivei  was  so  great,  caused  by  the  s;a- 
Wuf  dikes  at  the  upper  end  of  Boleahcd  preventing  the  water  from  freely  entering  the 
ma  fsd  of  tbe  chut«,  as  to  i«nder  the  t-urrent  extiemely  rapid  through  this  dike,  re- 
wng  in  cnUing  olT  the  top  of  the  bar  in  front  of  the  dike,  and  finally  carrying  away 
Vll^lha  dike  near  the  bead  of  Stack  Island.  Thia  was  replaced  and  again  broken  1:^ 
HifaBi  batgc  lodging  against  it.  The  break  baa  again  been  repaired  and  a  grillage 
jtaM  (nnk  between  the  rows  of  piling.  The-  current  passing  across  the  bead  of 
Vk  Uand  will  be  materially  lessened  bs  the  rivec  riaes,  and  tbe  slope  on  both  sides  of 
MlHtl  ■•  taof-  nearly  equalized.  A  channel  acroaa  the  head  of  Stack  Island  ia  not 
^ijaliiil,  an  at  high  water  the  workit  on  Bale»bed  Bar  above,  will  be  anffident  to 
^M  (bn  bar  to  again  form  at  a  greater  height  than  before,  and  it  is  believed  entiiely 
l^Mty  water  passing  into  the  chate  at  this  point  at  next  low  water.  For  location  of 
tevork  see  raap  hexewitb. 

QtaSw. — Tbenorkhei«  consisted  in  the  coDsttudion  of  a  main  dike  and  six  short  croae 
Snallhe  headof  Elton  Bar  and  in  the  chute,  (o  act  in  deflecting  tbechannelacroes  the 
Wtomud  the  bead  of  Stack  Island,  auxiliary  to  tbe  Stack  Island  main  dike,  and  to 
teiljfrhnte,  which  was  rapidly  enlarging,  along  Uie  Louisiana  shore  and  caving  the 
■bat  a  very  rapid  rate,  and  thus  mncentrate  this  water  in  one  channel;  as  when  tbe 
Vb  ireie  put  in  it  wna  diflitTalt  to  determine  which  of  these  channels  tbe  river  would 
lb,  Miind  Slock  Island,  along  the  Louisiana  'liure,  or  whether  it  could  be  concentrated 
•Wa  Sads  Island  and  the  then  large  Elton  ISaj.     Parts  of  these  dikes  were  carried 

virj  drift  during  the  high  water,  but  not  before  they  bad  accomplished  the  desired 
For  location  of  the«e  dikes  see  map  herewith. 

METHODS  OP  («NBTEUCnO(r. 

C. — No  matenal  change  has  been  mmle  in  tbe  metlioda  employed  in  the  con- 

■  of  pile  dikes  fiom  those  of  last  imison.     Theprincipal  change  has  been  in  mak- 

kdikaiaf  a  greater  number  of  rows  of  pilw.     The  distance  between  the  rows  has 

--     vdfiron  10  to  15  feet  in  deep  wnlerlo:iUow  of  more  secure  bracingas  well  OB 

B  uid  width  of  the  bntsh  work  laid  at  the  foot  of  the  dikes  to  protect  them 

■"""w  of  the  current  and  prevent  8i«nr.     The  experience  of  last  seoson's  work 

'y  that  the  strongest  form  of  constmction  is  leqnired  in  order  to  with- 

Tent  at  high  water,  and  has  led  to  pntting  in  work  of  greater 

spuseu  lo  the  action  of  dritt. 

ttk  AA^  osd  bradag. — The  plan  pursued  in  bnilding  pile  dikes  has  been  to  drive 

hftoMaad  rear  rows  of  piles  simultanoouHly  when  it  could  be  done,  iasten  the  longi* 

piles,  and  complete  the  dike  by  pntting  in  place  the  cioes- 

'■ngitadinal  and  cross-hrMes,  in  addition  to  being  fastened  to 

t»eu  well  wired  with  No.  8  wire  passed  arotind  the  pUe  and 

im  tbe  npper  to  the  lower  ed^  and  made  taut  by  twist- 

.     aaty  on  account  of  the  material  used  for  botb  pilea  xaH 
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/  vauvr  ;i»i«r  a  greater  prvasur^.     Piles  can  be  sunk  deeper  with  tli 

'^:  •  gificck  bat  the  difficolty  of  handling  them  in  cross-curreuts  reduces  t 

I   ^1  Befwu  13  and  iH)  feet  has  been  the  average  depth  of  penetratl 

I  ^ElKilIQg  that  depth,  if  further  sinking  is  not  stopped  by  gravel,  buck: 

aaKnai.  the  frictional  resistance  exerted  by  the  sand  along  the  side  o\ 

|i  pivveaes  further  penetration.    This  res^istance  could  not  be  overcome 

•  oi'  the  water-jet  or  the  hammer,  or  both  combined,  as  the  wood  of  w 

I  compowd  vnU  not  withstand,  without  splitting,  the  shock  of  the  ha 

I  ^    ■  a  grttit  height.    The  usual  method  has  been  to  sink  the  piles  witl 

f  *    .1  down;  the  butts  are  cut  off  square,  and  are  about  IS  inche33  in  diamet 

t  not  lew  than  10  inches  diameter,  and  the  length  of  the  piles  tmm  35  tc 

t  piltM  is  counted  as  an  average  day's  work  for  one  driver  with  a  crew  c 

;  sisting  of  a  foreman,  engineer,  aiid  five  laborers.     No  special  improvei 

U  *    !■  uds  followed  in  pile  sinking  or  in  the  construction  of  drivers  has  sugsc 

1 !  i  '    .  ar^  well  adapted  for  the  purposes  for  which  they  were  designed.     Fc 

\    •  \  oJL  hoisting  engines  are  in  use,  each  of  which  has  an  advantage  in  son 

i  !  the  others;  on  the  whole  the  small  horizontal  engines  have  given  the 

j  quicker  in  operation,  and,  next  to  the  ordinary  crab  in  use  on  £oar  of  X 

!  lew  lor  repairs  on  account  of  breakage. 

i\  Brush  mats,  kurdleSy  <frc. — ^The  principal  dikes  have  been  protected  ai 

1  \  wut  scouring  out,  by  constructing  mats  formed  of  two.  three,  or  lour  1; 

u  pending  upon  the  importance  of  the  dike,  rapidity  of  current,  depth  of 

i|  01  cutting  out.     These  layers  of  brush  arc  placed  alternately  C7v>9?wise 

i  {  tbe  dike.    Stringers,  or  waling-picces.  as  binders,  are  first  hung  irom  th 

i  I  k  work  tor  the  brush  to  be  laid  upon.    When  the  mat  is  of  sufficient  thick 

i  {  .hM  laid  ou  top  of  the  mat  coimected  with  those  underneath  by  wires  at : 

le^diug  up  t'rom  the  under  stringer  pieces,  twisted  together  so  as  to  mak 

w  ci(w«  M  pnMTticable.    The  brush  is  laid  so  as  to  extend  through  the 

^airiug  ou  ^me  of  the  dikes  three  lengths  of  brush,  the  brush  ends  ovci 

I  Whvu  liuished,  the  mat  extends  both  in  front  and  rear  of  the  dike  tpom 

\  >4«ie  '.he  dike.    The  grillage  mats  thus  eonstructed  are  then  sunk  in  plai 

^iila  -.xK'k  taktu  to  the  dike  on  barges.  When  woven  mats  are  placed 
'At  Mweut  lougitudixial  scour  they  have  been  built  similar  in  constro 
■ujk;u-««««^  ud«d  tor  the  protection  of  caving  banks,  and  sunk  in  plaa 
^Ah  ivck.  Kor  the  purpose  of  preventing  the  threatened  deepening  < 
.'dkki»  during  high  «-ater,  a  brush  foot-mat  130  feet  in  width,  made  ii 
'UU  IV  ^MU  teet  iu  length,  was  woven  on  a  mattress  barge  in  rear  of  dike 
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■  of  rack  to  tbe  cartain,  to  connteiBCt  the  ibrce  of  tbe  cairent 

been  made  doee  by  forcing  the  pieces  of  bmsh  down  so 
rrn  ouwr,  and  baa  been  done  on  either  the  middle  or  front 
ta  aie  built  between  the  rons  of  pilis);  eo  aa  lo  provide  agaiost 
BfUHomftll  catting  «nt  the  sand  in  rear  of  the  dikes.  Sketched  giving  de- 
idiAnnt  fimna  of  ixwtlcuction  employed  in  the  dikes  bniit  and  their  location 
■  HU9  herewith. 

awtagttataDientaftiinidied  by  Asanatont  Engineer  C.  P.  Baple,  gives  in  detail, 
sd  fam,  Ow  work  done  in  dike  courtniction;  also  an  estimated  cost  for  labor 
bMntUMBMof  work,  and  amonnt  of  material  required.  All  the  pile-driving 
bMB  under  hia  chaige,  and  since  June  I,  1882,  at  which  time  the  foot-mat 
IT  AidMant  Ensineei  E.  D.  Tliompson  was  consolidated  with  tbe  pile-driving 
tSam  «f  work  abo. 
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dian  togive  tbe  nec«MU7  loDgitDdimil  strength  tu  the  mat,  and  prevent  it 
[MHndei  while  bting  snnk,  and  allow  it  to  odjuRt  itseli'  to  any  iiregalarities  on 
M.  ^M  mat  ia  then  farther  strengthened  by  bLudeiB  made  of  poles  placed  oa 
■nlj  ftatened  to  the  mat  with  wire  to  the  weaving  poles. 

■•■•t^  md  where  the  current  is  awift  and  the  water  deep,  additional  longita- 
n|th  BM  been  obt^ned  by  the  use  of  No.  8  wire  twisted  in  the  form  of  a  cable, 

Ki  top  ct  the  mattress,  securely  iaBt«ned  at  intervals  by  wire  to  the  weaving 
^per  end  of  the  mat  while  being  conBtmcted  is  held  in  place  by  linea 


ingl  <ai  shore.     The  head  of  the  mat  is  held  up  by  small  lines 


IB^themoodiigbBrBeis  to  preTent  drift  ixoin  lodging  on  the  head  of  the  nut, 
■q^Hbanbdngsabmeigcidimtilitia  ready  to  be  sunk.  The  mats  have  been 
nt  ^'^''■g  the  edge  oext  shore  along  the  slope,  with  rock,  and  aflerwards  by 
I  tbA  OB  It,  be^mnng  at  a  snitable  distance  below  the  head  to  allow  tl^  mat 
tta  botton  witnont  breaking.  The  head  is  then  sank  last. 
MdHdoTtRmUeandsoroe  loes  has  been  experienced  in  sinking  large  matresses. 
"  at  in  deep  water  and  where  the  cnrcent  is  swift  the  mat  can 
(,  and  Bboiild  not  be  of  a  greater  length  than  from  600  to  800 

'-' e  (dTered  by  a  mattress  of,  say,  15U  feet  in  width  of  this 

~  the  greatest  amqant  of  care  and  precuntion  necessary 

aloyed  heretofore  in  xiaking  large  mattresses  are  not 
ways  danger  of  their  loss  when  the  current  is  swift 
«  ineffalar  snpp^  of  stone  has  led  to  the  cronatmction  of 
M  wofud  have  been  bnUt,  in  order  to  keep  the  men  employed. 
LKcr  fin—pg  the  mattnsaes  in  place  the  bank  has  be^  graded  by  the  hy- 
S  to  a  milform  slope  of  from  2i  to  3  to  1.  ready  for  the  brash  revetment; 

_ l^miric  is  reqtifa«d  to  trim  up  the  bank,  except  where  it  is  of  sand.     The 

g  ia  adMoiptiaB  c^  the  plant  and  how  operated,  famished  by  Assistant  Eagi- 

iij  ntaiiiiiim,  iiiiiiiiMiiiiiii  I  lull  ji  II  iip  nii  aiiii'i"ii 

jritM  ti  ileal.— Tbe  plant  oonsisls  of  two  lai^e  pampa  ploixd  on  barges  110  by 
Mbot  ndd,  en  tlie  deck  of  which  are  the  machinery  and  boilers.  A  cabin  is 
ibOTC  the  haUcnt  and  machinery,  which  contains  sleeping  room  for  30  men.    The 
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boilers  are  of  steel,  and  on  No.  3  of  lion,  both  of  60,000  T.  S.  They  were  tested  fo  i 
steam  pressure  of  125  pounds.  They  are  supplemented  by  an  upright  anziliaiy  bote 
for  cleaning  and  pumping  up  main  boilers.  In  front  of  the  furnace  is  the  coikl-bocK,  vift 
storage  room  for  500  bushels  of  coal.  The  water  to  supply  each  of  the  main  poinpi  k 
taken  from  a  well  in  the  bottom  of  the  boat  3  by  3  feet,  one  on  each  side,  thrtraf^i  19- 
inch  pipe.  The  bottom  of  the  well  is  covered  by  a  strainer  made  of  threeheiditl»4Mi 
flange  iron.  This  strainer  has  2,500  holes  of  three-eighths-inch  diameter,  which  grai 
nearly  2^  times  the  area  of  the  suction  pipe.  The  water  is  discharged  thitrnf^  tirol}' 
inch  pipes,  one  from  each  pump,  into  the  main  pipe,  to  which  tiie  boom-pipe  is  eoi* 
nected,  the  joints  so  arranged  where  the  pipes  come  tcgethcr  as  to  allow  the  ooQiD-p|i 
to  have  motion,  both  perpendicular  and  horizontal.  The  length  of  the  boom-pipe  mS 
feet,  tapering  from  12  inches  to  8  inches,  and  consists  of  4  flanged  pieces,  whicfa  an 
bolted  together.  These  pieces  of  the  boom-pipe  are  lapwelded  tubes  screwed  into ck^ 
iron  flanges  and  bolted  through  flange  and  screw  end  of  tube.  The  whole  is  stificned  tf 
two  hog-chains,  one  below  extending  along  the  whole  length,  the  upper  one  ontopof  tki 
two  smallest  pieces  to  which  is  attached  the  hoisting  rope.  The  hoisting  rope  is  1  iMb- 
steel  wire  leading  over  a  pulley  on  top  of  the  shears,  thence  to  the  drum  of  the  hoiiti^ 
engine.  The  shears  are  pine  timber,  54  feet  long,  12  by  12  inches,  the  heels  buttiag  ii 
iron  shoes  on  deck  in  a  line  with  the  hoisting  engine.  They  are  slightly  inclined  kh 
ward  and  are  held  by  two  1  J-inch  wire  rope  guys,  which  are  fastened  to  the  goDtraki 
The  pumps  have  a  capacity  to  dischaige  2,000  gallons  a  minute,  under  a  pomp  yamn 
of  160  pounds. 

Method  of  operating. — ^The  grader  is  placed  in  position  with  one  end  next  the  bank,ai 
the  stage  and  boom-pipe  lowered  so  as  to  almost  rest  on  the  ground.    When  the  biskh 
perpendicular  a  trench  is  flrst  cut  at  the  proper  slope  so  as  to  give  a  face  to  betpn  go^ 
ing.     When  a  steam  pressure  of  80  pounds,  giving  an  efficient  water  preesoie  in  fti 
pumps  of  140  pounds,  is  obtained,  the  work  of  grading  is  begun.    A  piece  of  S-inAgpfr' 
pipe,  about  4  feet  long  and  pointed  at  one  end,  is  driven  into  the  gnmnd  about  10  or  11 
feet  from  the  face,  and  a  little  above  the  middle  of  t^e  slope.    The  upper  end  of  Htk 
gas-pipe  is  allowed  to  remain  from  10  to  12  inches  above  the  ground ;  a  piece  of  iron  mtM 
into  the  top  of  this  pipe,  to  support  the  nozzle,  with  holes  on  each  side,  into  whidktm* 
uions  on  the  nozzle  fit,  so  as  to  admit  of  motion  in  any  direction.    After  the  nosdekB 
been  fiistened  in  this  swivel  and  the  hose  connected  with  the  boom-pipe  at  one  of  tti 
valves,  which  are  placed  at  intervals  along  the  pipe  for  this  purpose,  two  men  take  Ml 
of  the  nozzle  by  means  of  a  lever,  which  is  fastened  to  it  by  clomps,  and  the  ai^al  ii 
given  to  turn  on  the  vniter;  3  or  4  men  are  kept  ready  to  listen  up  the  hcee,  so  tf  tl 
enable  the  nozzle-men  to  point  the  nozzle  in  any  required  direction.     The  stream  vbom 
from  the  nozzle  is  directed  against  the  bottom  of  the  face  to  imderminc  it  to  a  dq^ci 
from  6  to  V2  inches,  and  in  doing  this  is  moved  along  the  whole  length  of  the  8lo|N> 
The  earth  that  hiiscaveil  through  this  undermining  is  then  washed  into  the  river.    Tho 
quickest  way  to  do  this  is  to  souk  the  whole  of  the  loose  material  first  and  then  dinflfc 
the  sitrt^m  s^o  as  to  earn*  this  satumted  material  into  the  river,  pushing  it  down  by  tho 
force  of  the  stream.     In  undermining,  it  is  always  best  to  commence  at  the  bottom  Md 
move  upwanl.     If  the  iKink  is  more  than  14  feet  high  2  nozzles  can  be  worked  with  id- 
van  tagc.     Where  one  mizzle  is  used  11  men  are  required,  while  for  two.  3  additional nui 
HTT  needctl.     The  forve  to  run  one  grader  requires  1  foreman,  2  en^necrs.  1  fireman,  1 
greater.  ^)  nozzlo-men,  ;md  4  laborei^i — total.  11  men.    With  2  nozzles  working,  15  ma 
aiv  Toquirtxl.     A  1 1  or  1 3  inch  nozzle  is  then  put  very  near  the  topoi'thc  slope,  and  nnde^ 
num>9  t  ho  upper  one-thirxl  of  the  face,  while  the  2-ineh  nozzle  does  the  same  with  the  kmcr 
t  wivthinK  and  w;)shosall  Of  the  caved  material  into  the  river.     .Vf^er  the  bank  has  ben 
ciVtHl  and  wasluHl  down  as  far  as  from  3l>  to  '^  feet  from  the  nozzle  this  is  moved  10-15  M 
i^^aiu.     lu  doing  this  the  ^water  is  shut  off  from  the  hose,  and  u<  wasted  through  one  of 
the  other  \alveB^.     The  difforenop  in  tho  quality  of  the  material  that  has  to  be  under- 
miiHxl  or  out  into,  the  various  positions  in  which  the  different  strata  are  found  unde^ 
Ivini:  each  other,  height  of  bank.  «S:o..  nn^uires.  besides  this  general  method  employed, 
x-arious  uHxlitications  in  spiv:.^  csises  of  maikiging  the  nozzle  that  can  hanlly  be  de- 
jicril^t.  aiul  only  Uvknnxl  by  expcrioni'e.     This  is  well  demonstrated  by  the  cost  of  grad- 

itv 

NVhilo  grsider  N\v  1  x\-hs  at  I\*lta  roint.  opposite  Vicksburg.  in  November  and  Decem- 
ber of  I'^J^-.  tho\\xtt  :*or  inkling  for  the  lirst  two  weeks  was  9  cents,  from  November  20  to 
A^  i»  cents.  In  IVwiv.lvr  Nv\  1  excax-jite^l  :^.0'0i>  cubic  yards,  at  an  actiuil  cost  of  31 
iVttts*  i5r,;der  N\v  i»  h,K'»  in  themooit  iimo  cM-uvaiedat  May orsvi lie  Island  13,000  cubic 
\ai\K  at  a  v^>^!  of  C.f  vv«;s^  the  Ivink  vvnsi>;iug  entirely  of  sjind.  wliile  at  Delta  it  was  to 
a  cn^t  extent  ;«!err.»,i\t\l  wuh  strata  of  l»r\l  cl.^y.  the  different  strata  lying  in  unfavor- 
aWe  ix*«tisv,x  tv>r  t^i^\;%1  woxk.  Ii:  ,\\::'.:,;ry,  Ir^v  Nosl  1  and  3  together  excax-atedon 
MA><^nk^^ll^  «slAl^l  7H\iXX)  c^ibio  ]nuvls.  at  a  cct^i  of  3*  i^nts.  or.  deducting  all  time  loBi 
lhi\H\(h  iiK'lettiei\\-y  of  :ho  wY^ixber.  «&x..  of  *2sS  centSL    The  cost  of  grading  in  Fcbraaiy 
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aeeantdy  ealcalatod,  as  the  grading  did  not  amount  to  mnch,  and  was  in- 
1  dafaqred  tfanmgh  stormy  weather  and  the  rising  river.    Work  was  stopped 


September  26.  Serions  delays  have  been  caused  by  the  bursting 
Ncazly  one-half  of  the  time  in  the  first  two  weeks  was  lost  on  this  account, 
eoBBuy  to  constantly  stop  grading  and  change  hose.  Hie  hose  had  been  in 
ooa  BeoBom.  Beades,  all  outside  laborers  and  foremen  were  inexperienced, 
It  of  this  trouble  had  been  overcome,  the  rubber  valves  in  the  main  pumps 
o  give  oat^  and,  as  there  were  only  few  extra  ones  on  hand,  it  was  thought 
t  to  work  the  pumps  up  to  their  full  capacity.  The  work  consequently  pro- 
antiTely  slowly.  In  September,  only  3,260  cubic  yards  were  excavated,  the 
h  emnot  be  properly  oilculated.  In  October,  in  the  first*  ten  days,  often 
JB  eachy  11,305  cubic  yards  were  excavated  by  No.  1.  Since  October  11 
baa  htai  worked  both  day  and  night;  at  night  the  electric  light  has  been 
iMd  been  put  up  in  January  last.  A  double  crew  was  put  on,  changing  every 
d  iroridng  twenty  out  of  twenty-four  hours.  Twenty-five  thousand  eight 
Ee  jnrdB  were  thus  excavated  firom  October  11  to  October  20.  On  the  20th 
eoeiTed  to  work  three  crews  and  to  make  no  stoppage  for  meals.  In  the  one 
flfty-two  working  hours  from  October  20  to  29,  when  work  had  to  be  tem- 
pedf  Sfi,lll  cubic  vards  were  excavated,  making  a  total  of  62,306  cubic 
tod  in  the  month  of  October,  at  a  cost  of  3  cents  per  cubic  yard.  The  slope 
the  U»t  month  is  smoother  and  more  uniform  than  any  ever  mode  before, 
feirlitUe  or,  in  some  places,  no  grading  even  by  shovels  to  make  it  ready 
L  This.  I  think,  is  of  more  importance  than  to  do  more  excavating  with  a 
r  wotked  dope.  I  have  already  mentioned  that  the  usually  required  water 
10  poonds  for  one  nozzle,  while  for  two  nozzles  the  pressure  is  run  up  to  160 
gWBtor  pressure  cannot  be  used  very  well,  as  it  makes  it  difficult  and  dan- 
e  nonle-men,  besides  the  liability  of  bursting  hose.  By  daily  observations 
the  last  month  it  is  found  that  to  excavate  one  cubic  yard  of  earth  it  takes  a 
a  Um  than  one  cubic  yard  of  water  under  a  pressure  of  140  potmds,  this  water 
ig  attained  by  a  steam  pressure  of  80  pounds  and  a  vacuum  of  26^  inches. 
me  of  80  pounds  of  steam  it  takes  3  pounds  of  coal  per  cubic  yard  of  water 
rtli  excavated.  In  comparing  this  hydraulic  grading  of  earth  with  hand 
of  aborela,  I  think  I  may  safely  assume  that  the  moving  by  shovel  would 
per  eabic  yard.  This  makes  a  difference  in  &vor  of  the  hydraulic  moving 
Gnder  Na  1  has  so  &r  moved  about  165,000  cubic  yards,  and  caused  a  sav- 
i,  of  nearly  $44,550,  or  over  one  and  one-half  times  the  original  cost.  I  am 
kt  another  month's  constant  running,  with  the  past  experience,  new  hose, 
fte.,  the  cost  per  cubic  yard  con  be  greatly  reduced. 

memL — ^Where  revetment  has  been  laid,  a  grillage  of  poles  is  first  placed 
me;  on  this  grillage  the  brush  is  laid  perpendicular  to  the  direction  of  the 
ther  set  of  poles  is  laid  on  top  of  the  brush  over  those  underneath,  to  which 
ened  with  wire  to  hold  the  brush  in  place.  The  poles  are  also  fastened 
stakes  driven  in  the  slope,  and  the  revetment  covered  with  stone.  On  ao- 
Mucity  of  stone  lost  season  bags  of  sand  were  tried  for  the  purpose  of  keep- 
ment  in  place,  but  they  &iled  in  accomplishing  the  desired  result;  they 
osn,  and  the  action  of  the  current  wash^  out  the  sand,  rendering  them 
le  object  intended.  The  following  tabulated  statement,  showing  the  amount 
nplislied  by  the  bank-protection  party,  and  its  condition  November  1, 1^3, 
Date  of  the  labor,  cost,  and  material  required  for  the  different  kinds  of  work, 
iiflhed  by  Assistant  Engineer  W.  M.  Childs,  who  has  had  charge  of  this  doss 
tiie  b^pjming: 
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or  THE  CHIEF  ^W  BSOiSMUWy  U.  8.  AS^fT. 

«if  pratoctiiig  onulii 
withftbnBlni 


1,  WBH,  U  SmxmAer  \,  1683,  amd  in  good  tmHtk 

feet  pile  dikes.  44,235l 
Xnmber  linear  fee*  woren  tel  matB,  11,945;  aqaares  of  100  square  feet,  9,386Ll 
Nnmber  linear  feet  sriUaee,  34,341;  aqnares  of  100  square  feet,  9,586.2. 
XnMber  linear  feet  woren  matteeasea,  5,210;  squares  of  100  square  feet,  9,73i 
Number  linear  feel  bank  reretmenl,  2,645;  squares  of  100  square  feet,  2,416.21 

SURVEYS,  ETC. 

lifia  compledni;  the  surrey  and  maps  of  the  low-water  survey  of  October,  ISS 
party  under  Aseastaot  Engineer  Blunt  made  a hydrographic suney  of  the  Choctaw  ] 
from  A  Caulk's  Point  to  A  Arkansas  City,  occupying  them  from  November  16  to  D 
ber  31, 18<?2,  the  party  returning  to  Wilson's  Point  on  the  latter  date. 

During  January,  1883,  maps  were  made  of  the  Choctaw  Reach  survey,  of  compa 
soundings  at  Pilcher's  Point,  and  soundings  taken  from  foot  of  Island  93  to  foot  of  1 
94:  pile  dikes  were  located,  and  the  lines  of  regularized  river  marked  by  flags  on 
lines  on  Baleshed  Bar.  In  February  and  March,  soundings  for  comparison  weretal 
various  parts  of  the  reach  near  Duncansby  and  Baleshed  Bars  and  Mayersville  li 
maps  of  which  were  made  and  are  on  record.  Caving  banks  were  resurveyed,  dM 
changes;  new  levees  located  from  Duncansby  to  Homochitto,  at  Elleslie,  and  at  S 
and  a  geocra]  preparation  made  in  office  and  field  for  a  high- water  survey.  A  viii 
map  work  was  done.  In  April  and  May  a  high-water  survey  was  made  from  PQ 
Point  to  Range  100;  contour  and  section  maps  made.  Sections  for  compariaoa 
sounded  in  the  Duncansby  and  Baleshed  chutes,  and  similar  work  done  in  June^ 
and  August. 

Assistant  W.  T.  Blunt  resigned  May  15,  and  was  succeeded  by  Assistant  Hart  1 
who  took  charge  May  17.  In  September  a  complete  low- water  survey  was  madi 
Range  14  to  Range  107,  shore  lines  and  bars  resurveyed,  and  water  surfiu^es  detan 
for  slope  in  various  parts  of  the  reach. 

The  survey  was  concluded  in  October,  and  maps  made  of  same,  and  also  in  ro 
scale  for  annual  reports.  This  survey  shows  Duncansby,  Mayersville,  Baleshed 
Stack  Island  chutes  closed  at  low  water,  and  a  channel  of  not  less  than  10  feet 
on  the  I^ke  Providence  gauge  through  the  reach  from  Ashtou  to  Point  Lookout 

The  lowest  gauge  reading  for  the  year  was  4.45  (L.  P.  gauge),  October  5,  sot) 
the  period  of  lowest  water  during  this  year  there  was  a  channel  of  not  less  than. 
fed  in  that  part  of  the  river  covered  by  the  survey.  The  maps  accompanying  a 
report  show  all  dike  and  mat  work  constructed  since  the  beginning  of  ^  wtxi 
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[>clober  31;  alao  the  sand-bon  appearing  at  the  time  of  the  September  survey, 
line  ban  as  they  would  have  appeared  in  I>ecember,,1881,  before  the  constmc- 
:  oommenoed,  had  the  river  be^  at  the  same  stage  the  September,  1883,  Rur- 
oade.  The  T'iy"^ff^*^*^  shore  line  at  Pilcher's  Pohit  has  caved  back  200  yards 
-water  snrv^  of  16^.  The  maps  of  comparative  sections  were  taken  from 
f  Fehmuy,  1^2,  and  September,  1883,  and  show  nearly  the  total  change  in 
lel  nnoe  the  banning  of  dike  construction,  as  but  little  was  done  previous  to 
,  1882.  Regular  ten-day-progress  sketches  of  construction  work  were  furnished 
J  1,  except  while  the  party  was  engaged  on  the  Choctaw  Reach.  Since  that 
have  been  made  once  a  month.  All  soundings  were  located  either  by  transit 
:  in  regular  surv^s;  shore  lines  and  bars,  by  stadia  lines  checking  upon  trian- 
(tatioiis.  In  September  gauges  reading  the  same  as  the  Lake  Providence  gauge 
kt  Lake  Providence  and  Baleshed  dikes,  Wilson's  Point,  and  Sarah's  Island,  to 
)  dope.  Of  these,  the  ones  at  Baleshed,  Lake  Providence,  and  Wilson's  Point 
L  read  twice  daily;  a  gauge  has  been  maintained  at  the  quarter-boat  the  entire 
ii^  befaig  taken  at  7  a.  m.  and  6  p.  m. 

Feet. 

age  reading  October  5. 1883 - 4.45 

aoge  reading  July  6,  1883 35.30 

1  of  river - 30.85 


Siimmary  of  wtrk  done  by  the  wrvey  party. 


.miles. 


iMlilt. 


Choctaw 
Reach. 


1 
2,088 
78 
2S 
10 
86 
90 


Lake  Provi- 
dence Reach. 


2 
18,235 


lalaoaiiding*.. 


K  •«•  ••••■• •»•  ■•«  ■■■  «•«■ 


.miles. 


B 


25 
16 
17 
12 
13 
148 
25 


Totols. 


8 
15,278 
78 
60 
26 
53 
42 
13 
148 
25 
57 
47 


■rty  was  under  the  charge  of  Assistant  Engineer  W.  T.  Blunt  until  May  13, 
1  firam  that  time  until  November  1,  under  that  of  Assistant  Engineer  Hart 
rhe  above  report  of  the  work  done,  and  the  tracings  accompanying  this  report, 
i  lumished  by  Assistant  Engineer  £.  D.  Thompson,  who  \a  at  present  in  charge 
rty. 

Planty  itc. 


lowing  is  a  list  of  boats  and  baiges,  &c.,on  reach  November  1,  1883:  19  quar- 
;  1  boat  used  as  machine  and  repair  shop;  1  tow-boat  (Vidalia);  3  tow-boats 
d);  1  steam-launch  (Nellie);  1  snag-boat  (O.  G.  Wugner);  2  hydraulic  graders; 
-best;  9  large  mattress-boats;  4  small  mattress-boats;  21  pile-drivers;  5  coal- 
seked);  46decked  baizes  (brush and  stone);  1  catamaran;  9 coal-barges  (open); 
it;  10  small  flats  for  pile-driving;  60  skifi^;  195  pieces  in  all. 
r  tbeee  quarter-boats  were  built  here  on  the  hulls  of  coul-barges,  one  coal-barge 
nd  one  cut  down  to  serve  as  a  mooring-barge.  The  rakes  and  Hides  of  35  barges 
e-driTers  have  been  caulked,  changes  and  repairs  made  to  pile-drivers,  and  the 
enaixB  incident  to  so  large  amount  of  floating  property,  kept  up.  The  plant  is 
'  in  good  ocmdition  except  some  of  the  coal-boats,  which  are  worthless.  The 
if  aome  of  the  barges  will  need  caulking  next  season. 

emge  cost  of  subsisting  the  employ^  for  each  days'  labor  secured,  has  been 
■y  including  cost  of  ice  during  the  warm  months.  The  number  of  days'  service 
month  has  been  as  follows: 


r,  lfl82.-..  14,077 


19,008 

,1883 10,826 

6,785 


April,  1883 8,565 

May,  1883 9,721 

June,  1883 13,017 

July,  1883 13,296 


August,  1883 14,547 

September,  1883 ...  12, 234 
October,  1883 14,841 
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ntedi 

taODU. 


orihittr-atic  Isborers;  nhicii  fnice  ma  fluarcMecI  h  mach  as  could  be  done 
any  ilelriiu«iit  to  the  coostrQCtina  of  nuttnaa. 

MA  port}- iiatpTcseatmakiug^-oodpTOgKai,  and,  with  the  addition  of  thotiam- 
IwJMwd.  will  supply  Uic  three  iiuittz««-ba»ta  at  this  place.  The  BboTtMt  hanl 
h^Jaone  mile,  aod  1  think  there  cui  be  austutA  teom  Saiah'a  laland  8,000 

DEscBimoir  OF  wokk. 
kttrr*<x  -kr>  lyiiutmcted  in  the  usual  wa;,  npon  ways  built  on  matbcas-baigea, 
hciQ^  uukIi.'  »  ht-D  the  wapi  nre  full,  bj  meana  of  linea  and  capttuns;  the  inst«- 
0f  od  liviu^  putts,  loQgitDdiim]  and  trauarerae,  vUlow  bnufa,  spikes,  wire,  and 
.  Hhidi  run  iimgitodimilly  Iliri'ti^^b  the  mattrcea.  These  toob  are  fiutenM  ta- 
i>Buaiiavr  lup-liaka,  antt  fusU-'iiua  to  tbeweaviDg-poleaby  meansof  stap1«H;at 
lect  the;  Bxe  t^tened  to  the  mat  by  wire,  the  CMmaction  of  the  rods  be- 


plabt*  16.  the  fitst  mat  at  this  plaee  iraa  saccettftil];  trunk,  and  two  othen  com- 
iwwat  the  head  of  caving  bank,  the  other  overlapping  the  one  sunk.  The  loca- 
»  mats  is  shown  on  trodngs  afcnmpanying  this  report  At  thia  date  there 
MMnx^ion  two  mattresses,  one  150  Aet  In  width,  the  other  ie3feet  in  width. 
•  a  raakinggood  progress,  and  ia  bang  pushed  as  nqiidly  as  possible.  The 
«(Kat  made  now  per  day  is  nearly  doaUs  thftt  made  ten  d^  ago,  without  any 
B  ifae  (bn-«  emptujed.  This  is  due  to  the  Act  that  when  laborers  come  here  the 
ealuely  new  u>  them, 

>  ia  ia  imdinese  a  third  mattress  batge,  which  will  be  ^t  in  use  as  aoon  at  the 
«r  bmdi  can  be  increased.  One  of  the  mattrees  boats  is  snpplied  with  poles  by 
r,  the  other  is  rnmished  by  a  eontractor. 

ttnas  head  employed  and  intended  to  be  osed  instead  of  a  mooriug-baige 
eifcct  snccess;  a  drawing  »f  tblu  mattress  head  is  enbmitted  with  this  report. 
«M  head  (unBists  of  two  chords,  30  feet  apart,  with  a  seriea  of  croaB  and  diag- 
ig,  and  a  hog-chaiDj  lU  sbowg  in  drawing. 

ibeara  chord  is  12  inches  in  width  by  30  inches  in  depth;  the  lower  one  13 
LVridtb  by  19  inches  in  depth;  tbeKecbordsareonehandredandsixty-threefeet 
Land  have  a  camber  of  Q  iucliea;  they  are  constmcted  of  pine  plank.  During 
imetioa  of  the  mattres  it  is  by  lines  anchored  to  the  mattress  head.  Dnring 
t  Ibe  mattress  bead  is  sunk  with  the  mat,  and  by  means  of  a  lever  and  trips 
H  head  is  rrleawd  from  the  rout  and  agiuu  used.  The  method  employed  in 
d  roleneiiig  the  mattress  bend  is  as  fbllows:  The  mat  to  which  it  was  attached 
faM  lu  length  by  Wi  leet  in  widtli.  The  sinking  of  the  mat  was  commenced 
Btt«r  and  the  mat  loaded  with  stooe  both  ways;  in  this  vr«f  the  entire  mat 
mx  and  sunk  to  a  depth  varying  finm  10  feet  to  35  feet. 
Igaa  were  then  laKhed  ti^eOursiilabyeide,  andaboat  S  feet  apart,  and  placed 
Bet  bom  nialtreashead;  ami  itii~  portion  of  the  mat  loaded  for  the  second 
«ae  bBEgts  were  by  mtikiifi  nr  hiK-tpDiled  upstream  and  toward  the  mattreos 
Mone  bong  thronu  liuiu  liicIi  li.iige  on  the  np  and  down  stream  sides.  This 
Baed  the  mattreaa  bead  to  Hiiik  rapidly.  Previous  to  tbia  second  loodirg  of 
1^  the  depth  of  wat^  at  outer  eiMl  of  mattrees  bead  was  carenilly  tal^i, 
_  lifM  was  made  fu»t  to  lower  chord  of  mattress  head  and  held  by  a  man 

(  llw  otyec't  of  this  waa  to  know  liow  rapidly  the  mattress  head  was  sinking. 

H  laid  tnnlc  to  {i  of  the  entire  depth,  ten  men  who  were  ready  to  haul  on  a  line 

1l  to  ring  at  upper  end  of  lever  were  ordered  to  pulL     The  mattress  head  was 

' t,  and  the  head  of  the  mat  being  relieTod  of  its  bnoyoocy  sank  mpidlyto 

Wagner  reported  for  duty  on  September  21,  and  has  been  employed  in 
6am  Ibid  bend;  she  was  employed  7  days  pnlling  piles  fix>m  dike  at  head 
, '  eliutc.  and  has  lost  5^  days  in  making  repairs. 

Pearl  reported  for  daty  September  22,  and  has,  vrith  the  exception  of  a  Enr 
— 'an  lly  employed. 

BOIOTAICY  or  WOSK  DOITE. 

m  mA  daqing-KKim,  98  by  22  feet;  1  kitchen  and  dining-room,  30 1^ 
mm,  V  tv  90  feet;  1  warahonae,  32  by  20  fbet;  1  alabla,  20  by  15  feet; 
fb  M  by  U  Aet;  1  mattraB  head. 
Mi  ^  8  qoKtaFhoate. 


il      KEPOST  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMT. 

0^4  qurtcr4ioalB  i^iiited. 

988  br  152  ftetk  300  I7  S35  ftet»  610  by  160  liMt,  6851^1 


sank:  938  bj  158  ftetk  300 1ij236ftet  J 

poBcd:  1^4:  pUci  polled,  192;«ovdsorbnMh  eat,  2.06e;eoid8or  braAMI 
aai  >»edd  oc  boiTEes.  1.109;  eoids  of  poki  cot,  04. 


Yt^,  rXnark  laid.  S.3M:  feet  oftniek  cmdufoyed,  1,872.  J 

T^r^rb^  bieeadcued  fiom  the  beak  below  PildiBr'B  Point  for  adisteneeof  U 
5eefi  i=»i  4'ji>  ieet  in  vidtb.  end  above  PildiBr'B  Pomt  fiir  a  distanoe  of  1,480  bj  MM 


J.  E.  Tdxbj^ 
it:  8.  AjmL 

Ot*  #f  iJufuMerSp  C  &  J. 


L3w 


or  B.  ST.  I.  COFPKK,  AflBISrEAKT  KETOIHXKB,   UPON  DCPBOVEMXirT  OV 

BUBO  HABBOB. 

OciOBEB  81,1m, 

CkTtAis:  I  bare  tbe  booor  to  sabmit  berewitba leport  omtbeimproTeniflBtcf  1 
bcjc  Hazier,  dadngfiom  Deeember  1, 1882,  to  October  10, 1883,  aooomponiedbji 


VcTT  ie9|Mct/iilljr,  joms, 

H.  St.  L.  O0FFJ& 

Opt.  W.   L.   MIBSWAT.K 

Corp$  tffAftaeeri,  U.  &  A. 

B.OV>Br    ox  DfPBOVXMEXT    OF    TICXSBUBO   HABBOB,    FBOM  DBCKMBXB  1,   IflBI^' 

OCTOBKB  10,   1883. 

I  have  divided  xhe  foUowing  report,  in  aooordance  witb  the  progrcaB  of  tbe  mA,  i 
£tv  parts.  Tir:  Tbe  protection  of  Delta  Point,  La. ;  dredging  in  VicKsbnig  Harbor  [ 
5-.irrev  cf  h^irVr  and  MLsiasippi  River  in  the  vicinity;  resnlts  obtained  by  oom[ 
c:"<crve\^  :rv»=i  IfTT  to  l!??3:  and  tables. 

Tr-e  pKnection  of  Delta  Point,  with  a  view  to  stopping  the  caving  of  its  banklj 
k^yrini;  the  1  bamiel  of  the  river  as  near  its  old  bed  as  possible,  was  oommenoed  lA ' 
asd'ctirned  on  in  succeeding  years  np  to  the  season  of  1882,  under  the  direction  cf 
w.  H   H.  Be::yuCLni.     Daring  this  time  a  spnr-dike  was  oonstmcted  with  bnakl 
stiYie.  twv^  <ci^*n-dikes  bnilt  and  anchored  in  the  cnrrent,  and  144  mattresses 
shot«-u  on  niaffe^  .  the  last  mattress  sank  in  1881,  occnpying  a  position  jnstbelevl 
^j^;r-o:ke.     In  CV-tober.  1:^$2,  I  commenced  the  Airther  revetment  of  the  point, 
yo;ir  direc::on$.     In  compliance  with  an  order  received  from  yon  Novembo*  24, ' 
torTvur\ie\!  to  yoar  office  a  report,  accompanied  by  maps,  giving  the  positioas  and  ( 
the  x%ork  a^vomplished  at  Delta,  np  to  December  1  of  that  year;  alao  adescriptian  «f  i 
m^thtxis  aiiv^pted  and  ander  way,  for  protecting  the  banks  against  the  actioo  of 
ouRvn:.     The^«  methods  were  not  changed,  bat  the  work  carried  on  in  tbe  ssmei 
to  it$  ^vmplction.  with  the  one  exception,  that  the  plan  of  driving  piles  thioogh  the  xM 
eil^  oi'the  mattress  was  abandoned,  so  that  noobstrnctions  woold  be  o£fered  to  the  siiinl 
of  mats  on  the  npper  graded  bank  daring  high  water,  in  place  of  revetment,  wbidU 
would  bo  imposftible  to  bnild. 

December  1,  1:^2,  the  condition  of  the  work  was  as  follows: 

Grade  of  npper  lv^nk,  finished  to  a  slope  of  aboat  2}  tol... linear  ftet..  Ij 

Grade  jvirtly  finished do. 

Poles  or  frame-work  on  npper  bank do. 

l'piH»rhauk  revetteii  with  brash do. 

Upper  Ivink  revetted  with  brosh  and  covered  with  stone aqnare  yards..  %i 

Foot-ma t8  built.  1^5  feet  wide linear  feet.. 

Foot-mat«  built  and  sunk,  35  feet  wide do I 

Mattrc£«scs  constructed,  144  feet  wide do Ifi 

Mattiesses  constructed  and  sank,  144  feet  wide do fl 

IMles  driven  through  edge  of  mattresses - 
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e  tlie  water  was  ■*="***^  at  13.7  feet  on  the  gauge,  and  all  other  conditions 
paBhing  the  waA.  Aboat  440  men  were  employed ;  00  at  the  brush  campei, 
!  (Amp,  332  cnmfamflting  mattresses,  revetting  the  upper  bank,  grading  with 
and  18  oo  the  hydmilic  grader.  This  force  was  as  great  as  we  could  pos- 
work,  with  the  ^ant  in  use.  The  work  was  carried  on,  the  force  employed 
i|i|irazimatingtaeaboyennmber,  until  February  10, 1883,  when,  owing  to  the 
water  and  law  of  ftmda,  it  was  abandoned.  January  5, 1883,  the  hydraulic 
haTuag  eat  the  banks  to  the  required  slope  as  far  down  the  river  as  it  would 
» mattiesi  dniing  the  season,  letumed  to  Wilson^s  Point,  having  during  its 
fiom  NoTember  7  to  Jannary  5,  graded  3,500  linear  feet  of  bank.  Buring  the 
emberit  moved  38,790cnbic  yaxds  of  earth.  Operations  duringthe  month  of 
»  earned  on  with  mnch  difficulty,  owing  to  the  high  stage  of  water,  swift 
OMtant  annoyance  occasioned  by  the  drift  in  the  river;  at  one  time  the  pres- 
( latter  on  ofor  mattress  barge,  was  so  great  as  to  break  the  lines  connecting 
Dating  mattreas,  and  cany  it  down  the  river  nearly  a  mile.  The  mat  tresses 
k  wiSi  troable,  the  drift  having  accumulated  under  them  to  such  an  extent 
onstraetlon.  Oaring  the  progress  of  the  work,  t.  c, ,  from  October  1 0, 1 882 — 
l<^  1883— no  portion  of  the  mattresses,  foot-mats,  or  bank  revetment  was  lost. 
gmpliwiied  daring  this  time  was  as  follows: 
ostroeted  and  sank: 

No.    1 - feet--  130X184 

No.    2 _ do.-  140    366 

iNou    3 - do...  144    358 

iNou   4 do.-.  144    280 

N©.   6 do...  144      87 

tNo.   6 do.--  144    300 

iNo.    7 do...  144    285 

I  No.    8 do-.-  144    400 

;No.    9 - _ do-—  144    460 

I  No.  10 do.—  144    408 

jNo.  11 - do.--  136    475 

iNo.  12 do--  144      80 

No.  13 do---     80    745 

No.  14 do--  140      45 

iNoul5 -do.-  140      40 

I  No.  16 do.--  150      40 

DBtnieted  and  sank, about  35 feet  wide linear  feet.-  830 

d  and  covered  with  stone do 3,500 

- 96 

'.S^''  '•  f^^ } «»-'-*--•    ^.«« 


I,  bat  not  stoned feet.-    400X25 

kame  work  flniahed do...    112    18 

n  and  extent  of  the  work  is  shown  in  plan,  as  on  accompanying  plate.  The 
ting  the  bank  at  Delta — i.  e.,  the  cost  for  labor  and  materials,  not  including 
tm,  paichasing  tools,  rope,  general  outfit,  towing,  superintendence,  assist- 
«. — waeasmUows: 


3mI  ^  enuhrudimff  and  ginking  100  feet  of  mattreaa  144  feet  wide. 

:di.at|2.53 $151  80 

b32oentB 53  12 

170  poands,  at  5  oents 8  50 

h,  60 pounds,  at  5centB... 2  50 

0  poonds,  at  4  cents. 1  20 

ie  jaida,  at$1.90 114  00 

f^at fl.65 (induding subsistence) 82  50 

; 92.15 (including subsistence) _ ^..-  2  15 

■cr,  9L90  (indoding  subsistence) 1  90 

417  60 

HrftotoTmati 4  17 


^taK^-*v^K^;h 


ma ~i 


'.IT'  I  isar^ 


-..pai.k  of  ei* 
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s  &buidoDm«nt  on  sccoaut  of  liyir  witcr  the  diad^  vorked  twoily-fiMir  boon  radi 
■7,  with  the  pxc«ption  of  Saoda]r%  wUdh  wm  med  ftr  Kpsin  to  macfaiiKiT.  Two 
KpvcUira  nen  emplojed  bj  the  QtmnnMBt  to  nii  111111  the  amoiuit  of  ■"mrrinl  txe).~ 
uied  anil  ptu«d  iu  scows,  each  it^/Bttor  mwiiiiiiM  m  the  dredge  tvelve  boon,  thna 
Midlog  the  Anj  into  two  watches,  M  WM  alto  doDelir  the  tnw  naplajed  b;  the  cm- 
actor.  Two  SCUTS  were  noed  to  ean.'nj  the  ■■■tiiiiil  axcBTmled  to  t^  poiot  devgnaled 
9  tbe  iaspKtor.  The  capacity  of  Asteomwa*  ic^eetiTelj  116  and  ^66 cubic  yarda. 
Fhe  nmterial  wo.*  damped  in  tfaa  low  paond  in  tbe  willow  ndge  oppoaite  tbeoonipttM 
Ip  ?huwn  on  iLupl.  tbe  baal  or  tow  being  aboal  <ne  toile,  mmd  Drip,  from  tbe  ccattj 
irftboboALD.     Ac  lirst  ttwae  imponDUetodicdgB  tothe  dtsnd  pbuM[] 

Sle  or  ba'-ket-polea  were  not  of  a  M«fiMit  tensOi  to  allow  of  the  bncl 
t  depth,  thus  miikiag  it  oecoMHTto  0>o*erapa>tioii<rf  tbe 
b  will  be  noticed  by  a  glance  atthaBUVteUetfaatdiuiBgtbecarijst^eBortbework, 
aeirlj  two  monthH,  the  water  was  aDon  tbe  tortj-ttot  mark;  tbe  dredging  waa  ncce*- 
auSj  dswer  and  performed  with  ptats  difleol^  than  aAetwatda,  when  tbe  river  feU 
to  a  lover  l«Tel.  Dnring  the  progtew  tt  tbe  work  tliere  were  nmneraas  break-downs 
aaddeUri,  in  nuuif  imlamcescaiiwdby  bad  management  on  the  part  of  those  repreamt- 
iflg  the  conliactor.  Kt  tiiuea  the  fcne  emplmd  on  tbe  dredge  waa  not  stiffidoit  to  do 
Ibe  work  pniperlj.  There  were  alao  aaae  &Uja  caoMd  bj  tbe  carelen  handliiig  of 
lKu1«tiiaItrequentedUKharbor,iiiiiniiwovetthegiudeslBkeB,ligbtB,Ae.  This, boweTer, 
~  '^  ivD  remedied  by  cautioning  tbepuots,  itbeinK  to  tbeirinlneM  tohelptathertfaan 
r  .nl  tbe  work.  The  diedgmg  «a*  at  Biat  f  toed  to  tbe  baain,  tbe  material  being 
.  11  uut  incuts  40  tfKt  wide,  but  not  to  the  Mm,  aaatated  above,  baaoseof  tbeBhort- 
i.i' (be backet-poles.  Six  panilldenlBmretaliaioattbeentireleagthof  thehasin, 
n.ui  iiirDcing  at  tbe  western  e<ige  and  wwUug  liitaaiil  to  a  plane  aboiit  5  feet  aba*o 
maui  thence,  Hay  211,  the  divdgc  waa  mured  to  its  laiiliiii  edge,  and  tbe  wato'  being 
nlDnenll;  low  I'onimeiu^  exeavataw  to  tbe  mto^  Fonreata  were  made  working  wcat- 
nrd  with  the  esccptiou  of  a  small  ilage  in  front  of  and  doae  to  tbe  elevator,  which  it 
ma  inipiKaible  to  dig  with  the  bucket  bi  uml  Aa  tbe  eontraetor  claimed  that  thia  ma- 
letial  >rai»  rock.  I  had  boiings  nuula  and  fcnnd  it  to  be  aa  I  anticipated,  aimpl;  a  haid, 
CDopaet  deposit. 

The  contractor  was  re^jutated  t4  amd  na  a  bodet  ct^Mble  of  removing  this,  bnt  did 
Ka  amply  with  the  request.  July  ISOiBOcaiditianof  the  woikwaaaa&llows  (all  the 
ip.iiiliijuiii  having  been  eonfinwl  to  tbe  basin}: 

[fbatenta  or  1(H)  feel  from  w(sl«n  edge  excavated  to  +  5  feet  Four  cnta  or  160  feet 
pan  easlera  edge  excavated  to  zem,  leaving  160  feet  to  be  re-dredged  in  order  to  finish 
n  to  the  requinvl  depth.  Iboe  waa  ptaetically  tto  more  work  done  in  the  basin. 
vatcT  at  tbli  time  (July  18]  ]iwlbllento38  feet  on  tbegangeandirasgoing  down 
dly,  yon  thought  il  ejipedif  at  befiire  HnWitiiiig  the  bamn  to  make  a  oonple  of  cuts  (a 
ll  BOlipet  wide  to  zero)  to  deep  water  in  tbe  lake,  in  order,  if  pceeible  to  prevent  the 
~~''y  of  moving  Uiewhiu-rboatandgeneialtiverbnsineeBto  the  lower  landing.  The 
as  therefore  placed  in  tho  tempnary  canal,  and  worked  there  nntil  August  3, 
D  ordered  ber  nioicd  to  the  aoirtbwest  entrance  to  the  lake.  The  lower  en- 
0  tbe  landing  was  ut  that  Unw  doaed,  and  tbe  npper  or  southwestern  shoaling 
.  Tbe  temporary  canal  was  tboi  in  tbe  IbUowing  condition:  One  cut  40  feet  by 
rt  eitsvatcd  to  zero,  and  a  portion  of  a  aeoond  1,000  feet  to  tbe  same  plane.  An- 
Ldredgiii);  commenced  at  n  pmni  en  Kit)g*B  Bar,  mazked  on  the  map  West  Pass, 
.re  feet  of  water  (tbe  gauge  iiw<1iin  31.6  feet)  sod  carried  on  up  to  tbe  24th.  The 
_  ll  to  be  moved  waa  of  such  a  eonalaten^  (compact  sand)  that  the  soft-bottom 
jIlMd  to  be  abiiudoned,  and  one  shipped  by  tlie  contractor  fhim  Mobile  twed  in  its 
,  7%is  worked  to  much  better  advantage,  but  was  not  a  ancoese.  Numerous  expe- 
ivrwre  ctsorted  to,  but  the  plan  of  muing  a  paange  through  the  bar  bod  finally 
Kte  abandoned  aud  ttjedr<.-<I^L-  towed  bnA  to  tbe  second  cut  iu  the  temporary  canal. 
Ibe  accomiunTing  m^ip  aa(\  profJet  dww  tbe  position  and  dimensions  of  the  cxcava- 
'*'—  It  Wn,t  I'nsK,  iL»  pri><:iit  iindition  is  BOt  all  due  to  the  dredging,  but  iu  great 
a  the  •evariuj^  lonv  of  the  current  mnning  from  the  lake  into  the  river  at  that 

Knt     The  ptobsbility  b  that  a  nriag  liver  vrill  fill  this  up  again  in  a  short  time, 
im  ADgnM  24  until  September  IB  tlM  dredger  worked  in  the  temporary  canal.     At 
Ibp  Utlci  dati?  the  gauge- reading  wae  7.1  feet,  the  dredge  drawing  7,5  feet.     As  yonr 
Htaa  wctr  not  to  excavate  below  the  aero  plane,  it  was  impoeeible  to  continue  untU  the 
^^^tookl  riw.     The  dredge  was  therefore  removed  to  deep  water  in  the  lake,  and  as 
-t  ointiuued  to  full  steadily,  baa  remained  there  to  dat«.     Should  the  con- 
to  remove  hU  ontfit,  the  time  tor  flnishing  the  contract  (Sept.  30)  having 
11  be  impomible,  all  aocsM  to  the  main  river  being  closed.     During  the 
•watk^ftneotdoftiw  material  dredged  waa  kepi,  giving  the  ezcavatiou 
rakfc,  itf,*o~,  tha  caoaes  of  deliv,  and  gener£  log. 
I  abwIbBi^Boimt  of  iQBtnial  excavated  each  month,  that  taken  itw 
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bssin.  vemvnnrr  euial.  and  West  Fhb.  and  totaK    The  total  amonnt,  350.035  oAk 
Tan».  at  1:2.1  cccts.  ft3.3»l.-.2;s.  minus  Hi  per  c«nt..  $38,118.81,  has  heen  paid  tbecM* 
tBCTor  :n  moothrT  MtimatcA.     The  eonditioo  of  tlut  portion  of  the  lake  when  IhBCfr 
caTatKo  v»  xc3d^  ^t  the  present  time,  to  whieh  I  will  refer  in  the  resnlto  ohtaincdlf ; 
eompariwc  of  5aiTpy«.  will  show  a  decided  filling  or  sliding  in  from  the  sides,  l^va%  tA 
Tcrr  poor  idea  of  the  amocmt  of  material  originally  dredged.     There  was  also  a  dqori^^ 
taking  plAfA:  during  the  entire  time  of  dredging,  as  shown  on  the  profiles,  Pistes  }Q1; 
and  Xni. 

SL'KVKV. 

EatIj  in  Sieptember.  in  aecotdanee  with  instmctions  to  make  a  thorough  sarrey  offtit; 
harbor  azid  Mia^i^ippi  River  in  the  Ticinitr,  for  the  purpose  of  comparing  the  djrfattK;^ 
obtained  vith  the  sarvers  of  prerioos  yeais,  with  a  view  to  ascertaining  the  pcohiUl 
additional  con  cm  dredging,  ahonld  it  be  deemed  expedient,  and  noting  the  changes  tU 
bad  taken  pLuY  in  the  main  river.  I  pnt  a  party  into  the  field  and  obtained  all  thedfr- 
sired  inforzutioo  by  the  10th  instant.    The  work  in  the  inner  harbor  was  panned  irift. 
9DQe  difficulty,  being  not  only  expensive  bnt  dangerous,  the  mud-bar  in  front  of  thedfjE^! 
being  in  sich  a  condition  as  to  necessitate  the  laying  of  plank  in  order  to  obtain  ftr 
eievauoii  of  :b?  ground  sounded  the  year  befine.    The  laborers  employed  in  pladQgft|^ 


plank  way<  weze  numerons  times  immersed  up  to  their  armpits,  and  bat  for  the 
to  which  they  clung  would  bare  disappeared  entirely.    This  eirtiemeiy  soft  deposkfl^, 
tended  the  entire  length  of  the  proposed  permanent  canal  and  basin,  with  the  ezentfM ' 
of  a  small  nrip  of  btir  at  section  No.  1 :  the  ground  there,  being  much  higher,  was  Hit 
ened  by  the  sun.  but  one  foot  below  the  surfiioe  was  very  soft,  as  I  ascertained  byii*^ 
temptinz  to  drive  my  horse  over  it.  ' 

The  survey  coiinsted  in  remeasuringand  either  leveling  over  or  sounding  the  seeliHl 
HMinded  in  1^1  and  1$^  in  the  inner  harbor,  twenty-three  in  number,  running  a  lipt 
of  levels  from  Ryan's  lower  saw-mill  to  a  point  on  King's  Bar  opposite  the  UH 
wharf-N>at.  obtaining  the  low-water  line  of  King^s  Bar,  the  middle-ground  bar,  thsW 
abote  I>elia.  and  the  bar  just  below  the  revetted  portion  of  the  Delta  Point  bank,  mm)t 
ing  twelve  sections  in  the  upper  lake  and  fifteen  sections  in  the  main  river.  A  meaite 
line  was  run  up  to  King's  Point.  Levels  were  also  carried  from  the  gauge  at  Kldnston  ti 
the  gauge  in  the  lake,  the  ditlerence  in  elevation  of  the  water  in  the  river  and  lake  A 
taincd.  croas  jectiops  made  of  West  Pass,  and  cross-sections  of  the  excavated  hashiMJ 
tained  every  lOi)  feet,  giving  the  slopes  the  sides  had  assjimed.  Posts  were  plantalfl 
the  end  of  each  section  in  iSe  inner  harbor  forfbture  tise.  The  soundings  were  msdefl 
every  instance  as  nearly  as  po«!nble  on  sections  used  in  previous  years,  in  order  to  bettei 
i-ompare  nes^ults.  The  levels  and  soundings  are  referred  to  the  zero  of  the  gaiif^  il 
Kleioston.  no  deduction  being  made  in  the  case  of  soundings  in  the  main  river  &t  8kM 
but  simply  referring  them  to  the  datum  by  subtracting  the  reading  of  the  gauge  at  vi 
time  of  sounding  trom  the  depth  obtained. 

RBSULTB. 

The  results  of  this  survey,  and  those  made  in  the  past  I  have  collected  and  anand 
in  the  form  of  tables,  which  will  explain  themselves,  leaving  but  little  to  be  added.  Tk 
data  ftvtm  which  the  changes  during  1S77, 1S78,  1879,  and  1880  were  obtained  were  mQ 
meaper.  and  in  most  instances  but  approximate;  but  will  serve  to  show  the  geneial  ea| 
ditions  which  existeil  during  those  year»,  and  the  change  which  has  taken  place  io^" 
inner  harbor  since  the  time  of  the  cut-off  in  1876;  a  gradual  filling  has  taken 
which  will  cv>ntinue  until  the  lake  i.<  free  from  all  access  to  the  muddy  water  of  the  lii 
nn1e»  some  means  are  .idopted  to  cut  off  the  current  that  flows  around  Dc  Soto 
during  high  water.  This  current  has  existed  since  ISf  <  to  a  greater  or  less 
having  a  velocity  in  that  year  of  nearly  one-fourth  mile  per  hotir.  In  1882  it  was 
peiveptiblo,  fioat  ohik'rvations  made  in  July  of  that  year  showing  practically  no  v( 
but  during  the  last  high  water  it  traveled  from  Ryan's  mill  to  the  compress  at  the 
of  one-half  mile  per  hour,  gradually  becoming  slower  as  it  reached  the  northern  endi 
the  island.  This  has  i-aus^  a  more  rapid  filling  of  the  area  than  lias  taken  placer 
year?. 

GlasQi  Bayou,  which  enters  the  lake  at  the  northern  boundary  of  the  city,  lias  alsol 
the  cause  of  considerable  filling,  bringing  during  every  heavy  rain  a  great  quantity  | 
mud   from  the  adjacent    hills.     T!ie  changes  that    have  taken   place  in  the 
river  during  the   i;ist   high   water,   as   shown  on  the  accompanying  map,  are^J 
great  extent  a  repetition  of  what  occurred  the  year  before.     The  bar  above  *  " 
has  moved   down  stresim  600  feet:   some  caving  has  taken  place  at  King's 
The  King's  Point  Bar  has  been  split,  the  sand  taken  finom  its  former  crest  being^ 
posited  in  the  form  of  a  middle  grotmd,  outside  of  its  old  position  and  exti 
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Oi](unH,v  Ihfl  upper  entrants  io  Ihp  lakp,  nnd 

ii^iiiD  IiiDilili){.     Tbe  bank  has  caved  li>  sotiie 

ri   In  u  Dining  eildv  curreut  thori',  thi<  water 

.  ^lou  froul.    The  bar  below  the  revetted 

^  t^lipor  ctiil  100  feet,  and  1.000  feet  below, 

. .     (  I  he  revetmeiit  at  Delta  Point  auil  found 

m:i|i   in  1S79,  baa  been  swept  away,  oarrying 

a[f)  at  a  point  (marked  on  tlrawiag  of  Delta 

t  WM8  placed,  there  has  been  aome  caving.    To 

ililie.  Mill  at  this  mod  flat,  to  iiiHiirc  the  pernia- 

h«  aeceosary  to  pnt  down  500  linear  feet  of 

"  MM  BhowD  on  the  pioBlea,  and  in  tables 

roR  DHXDaiNO. 

$80,000  00 

jlplkne,  canal,  aSO  by  4,800;  basin, 

l^at  15  cents 335,^33  25 

■■>d  basia  same  as  in  second 

347,27925 

)  in  map,  inclnding  tampo' 
«f,a!«ip»HC  to  ing  40  per  cent,  for  eipnn- 

l  In  MOWS ;W9,990  36 

Si,  ainpes  6  to  one  aide  and  natural  slope 

"i  pennanen         ol,  oa  shown  in  map,  exco- 

Tt7  oDbic  Ji         f-40  per  eent.  =  5,306,4ri5.7, 

795,822  S& 

la  dniioE  tha  ]         244,456  cnblo  Tarda,  at  12^0 

2i,57a  07 

pennanent  canal  and  basin, 
trtog  the  progret         the  work 766,343  68 

.>  hoTbar  be  or  grei  nring  tbe  next  high  water.  Ibis  estimate 
TMnnd  over  )300,0l  naking  the  tot^  cost,  appro limately, 
M'^Momed  by  the  d        ed  portion  of  tbe  lake  are  shown  on  tbe 
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L4. 

BEPORT  OF  H.  D.  OARDKX,  ASSISTANT  KMQINKBR,  UPON  LEVEB  WORK  ON  TBI 

FRONT,  THIRD  DISTRICT. 

Unttrd  States  Enoinbsr  Offigi 
Vick^burgj  MUf,,  October  H, 

Sir:  In  compliance  with  yoar  instroctions  of  the  3d  instant,  to  **  prepare  a 
Import  of  levee  work  on  the  Tensas  Front,  for  embodiment  in  the  annual  n 
the  Conuniasion,''  I  have  the  honor  to  submit  the  following  tabulated  statem 
remarks  on  the  leyees  under  my  direction  in  Louisiana : 

TABULATED  STATEMENT. 

Leveetf  Tmnu  front,  in  Lominana,  Third  DUtriei. 


of 


UppM*  Proridciiee 

Hacunan  Point 

Wilton  to  Raleigh 

RaWijEh  to  WiUow  Pttint 

Omeea  

Cabin  Teele 

Sparta 

Delta  to  Bedford 

Panther  Forest 

DnffinBreftk 


AT<en4(6 
belj^t. 


6 

7 

12.6 


Length  of 
lereai 


9 

6 
9 


&7 


FeeL 

7,283 

1,963 

23.588 

9.648 

16,310 

13,621 

6,771 

28.287 

20,880 

10,960 


Contents 
(completed). 


CSihieyardi. 

46,887.7 

•     14.806l2 

343,087.7 

41,287.7 
199,059.7 

90.002.2 

30.156l9 
243.903w3 
163,182.0 

80,246.0 


Amof 
embe 
yetiK 
toeo 


OuH 


I . 


Names  of  levees. 


Width  of 


Fktmt  slopes. 


FerL 

Fppor  Pcx^videnoe 8 

Hacanian  Point 8 

Wilton  to  Kdlt-igh 8  and  6 

KaleightoWillow  Point  8 

Oniesra    8  and  7 

Cabin  Ttvle 8  and  6 

Sparta         8  and  7 

Delta  to  Bedford 6 

Panther  Foreet 8. 6.  and  3 

DoffinBrvAk 8 


Back  slopes. 


htofnet!  ^ri^i* 


es  above 


I     or  ah] 

-water  j  «»*«»' 
of  1883. 1    ^**J 


3tol 

3  tol 

3tol 

8  tol 

3. 4,  and  5  to  1 

3  tol 

3tol 

3  and  2  tol 

3tol 

3  and  2  tol 

3tol 

3and2  1ol 

3tol 

3  tol 

3tol 

2*  tol 
21, 2 and  li tol 

3,3|,aDd2tol 

Sitol 

2iand2  tol 

FeeL 
1.5 
1.5 
1.5 
1.5 
0.5 
0.5 
1.1 
0.5 
.53 
.3 


NAMK  OF  LEVEES  AND  REMARKS. 


Cpftrr  Proridencf  levee.  East  Carroll  Parish,  Louisiana. — About  3  miles  ab 
town  of  Providence.     Work  began  November,  1882.    Completed  Febmary,  li 

Hatjaman  Poimt  levee.  East  Carroll  Parish,  Louisiana. — ^Abont  2^  miles  be 
towii'of  Pn^vidence.  Work  began  February,  1883.  Completed  March,  1883. 
inc  the  otnistniction  of  this  work,  a  temporary  protection  levee  was  ordered  h 
taming  2,l>J9;V  cubic  yanR 

Wilton  to  EaMffk  levee.  East  Carroll  Parish,  Louisiana. — Work  began  on  th 
in  OctoWr.  l?^,*and  wich  as  large  a  force  as  tbe  contractors  could  collect,  pre 
fn>ni  each  end  towanls  the  center,  until  the  suspension  on  account  of  the 
3klan*h.  IScs^  at  which  time  there  was  a  gap  of  1^  miles  on  which  very  little  w 
Ihhmi  done.  Tlie  river  bank  along  this  front  is  very  low,  and  the  water  rising 
in  February  it  wa«  deenie<l  impossible  with  the  force  on  band  (between  four  j 
hundreil  men')  to  till  up  the  gap  before  the  overflow  ;  protection  levees  were  tl 
oniereil  to  connect  the  new  work  with  the  **01d  Front  levee."  The  upper  pp 
sustained  the  pn'ssure  of  the  water  and  saved  all  the  work  above  it,  but  the  lo 
huccuuiIkmI  to  tbe  fast  rising  flood,  and  the  strong  current  rushing  rapidly  thro 
maiu  line  swept  away  31.552  cubic  yards  before  its  destructive  effects  could  be  a 
It  has  since  been  found  inexpedient,  on  account  of  insufficient  funds,  to  conti 
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or  Qwamam  k.  hklm,  abbibiaht 


XVGIHEEB,   UFOH 
TAJBOO  nUXMTj  THIBD  DI8TBIOT. 


LEVXB  WOBK  01  Ifl 


SiK:  In 


profiles  of 
fiilio  profile  of 


SSlIS^     It 

lodgt.  DOftll  01 


GSKEHYILLS,  Mis&,  November  15, 18BI 

with  your  request,  the  fiiUowing  report  of  operatioiis  under  i 
OQ  the  Tasoo  front,  third  district,  in  connection  with] 
pnjeet  of  wori^done  bj  the  river  commission,  together  witiis] 

«k  levees  seat  on  heretofore,  is  respectftillj  submitted. 
obmmenoed  by  the  "Missiwippi  Levee  Board"  in  Mardi,  1868;] 
instmetioos  finjahed  from  Leota  to  the  Warren  County  line, 

the  entiiediBtrict  of  the  **  MissiaBippi  Levee  Boiund  "  fiom 
Hnalipiilma,  in  Ooahoma  Gounty,  throng  Bolivar,  Washingtoo, 
to  the  Warren  County  line,  a  distance  of  1,056,200  feet,  or 


run  with  leference  to  Memphis  datum  plane,  and  U.  S.  P.  B.  M.,i 
£dl  of  the  riw  from  Hudqmkna  to  Greenville  found  to  be  0.377  foot  per 
aod  from  Greenville  to  the  Warren  County  line  0.306  foot  per  mile.    Average  ftUl 
upper  to  lower  end  of  distnet  0L3D4  foot    Avera^  height  of  levees  above 
not  ischiding  Hudipokna  and  Lake  Bolivar  crossingiB,  8.06  feet;  average  hein^l 
GreenvilK  6.06  feet;  hei|^  of  Hnahpukna  levee,  36  feet;  heightof  Lake  BdUvar  1 
24fecC 

It  win  exhibit  the  length  of  levee  constructed,  amount  of  i 
vBtonied  to  date,  and  amount  of  cubic  yards  to  oomi 
of  aUw«k  done  m  your  district  from  October  1,  1832,  to 
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tr  or  THE  CHisr  or 


rin  ftoa  tta  lm«WB  sides  at  !• 

i^K.    noepmirtsiran  tbenploUedo  


lir  lb  Bitoii^  a^  tta  feveh  by  Mt.  Fkttnv,  wh*  kfaa  acted  n  H 
pMkMM.    Tt  Thrir nrTTtifnw  h  itrinriirrilT  itiiii  itm  riiM|ilHMii  rf  llw  w 
tta  i^  of  nnc,  vUd  k^n  tha  A?  ater  the  wotfc  okaed. 

TW  i^»tMt,  IB  taw  tf  Ite  boMk  NcOie.  rrf  iiaiJ  to  Vtbu'*  P 
paned  ta  Mr.  HUrr  fer  dntr  OB  tkt  301k. 


CBTOKt   or  VAJOK   * 


AFPESDTX  Jr. 


trinw  IT  -t  -v  >. 


met&wtnnade. 

Thiawif  dMi 

TT-iUnal  feneis  tlui  <«aM 

b.afldl 

v«&sesl  1 

o   bedifftiM  « 

h    Dunibf 

oi]A 

T^ 

Mta 

T^ 

Iie^c" 

P™S 

jimn  •  .  run  iv. 


1 


.      \ 


-■.       / 


on  IF  MMWn  IVB  MMBM^^^'Q'''''  '    •  ^^^  "' 


1JT| 


/ 


\ 


r  OP  THB  OHIBF   OF  BNaiMBEBS, 


UNLKVCED  FBOKTB. 


U.  B.  ABUT.  I 


BiH«M« ,.,. 


Tfeatar  MM  so  all  lene  Ums,  260  ocm. 

1«Ml  tnfth  of  Ivms  ttodet  contmct,  51  mllta,  2,065  feet. 

lift  I  MTii       • "•  45iuUe8,  3,936 feet 

kmiaiaC  M  buLd,  5  mUca.  3.400  feet. 


■dMtH  >»  >l»w  in  ewbMilciiwpt 

T17  n^eetfbl^.  pmr  obedient  auTao^ 


60fi,B£A 

H,  S.  OonoLAa, 


CWyrffl^fiawira.  P.  &  J. 

ixrwTTXa  msiiBeippi  uveb  at  natchez  ako  •lUAi.m. 

VkwaAkMheaadBaeaBce  Um  tniufer  of  this  work  to  me  by  Capt.  A.  M.  USis, 
Obb«( fiiyiVMa,  U.S.  A.  It  huid  bten  m j  eipectitJoii  to  base  an  exjumnationniidl 
*^1lii)iabt74bKii|ln*«*lcT,  Tor  the  parpose  of  preparing  a  project  for  work,  bultiil 
HMMiltJlklnMiaf  lft*MaMM  huao  crippled  my  farc«  of  BasJEtanU  that  iialhiii|lai| 
%«■*■&  n»«MM»lV  l^'m  Ibaprincipelfertnree  of  Ihe  locality.  Mid  lexpwtll' 
^■M»pH|M*^iatti*Hn«r-  Antaat  gmenl  view  of  the  bonks  obtsincd  in  ia»-i 
k(«M*atMM«tkvas  ttal  tae  casing  of  the  bonks  coDlmuoiBa  btfore,  bntooljloi 
^1^  esttM  ta  Gilw  PmJ.  the  iroisl  cmHiig  being  in  Mart'iigo  Itead  aud  duwii  tuvul 
Vanr'Y  tVia*.  T%«  du^KT  lo  Nstelm  Hiu-bor  is  not  immediale,  but  works  for  book 
j*vtn.-.s.'Q  ■"■-"  b«  ;w;i-,rtd  ;o  pmect  the  working  down  of  the  bend  above  NatehM, 
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bMlBibiSoeeanedaicidi  low-water  aeaMn  for  a  nnmber  of  years,  bat  never  befora' 
tote  flEKtant  of  this  yaar. 

fcthawhcommenti  have  been  made,  as  in  previooa  years,  with  regard  to  the  MLure 
tf  fti  plant  to  keep  a  naTigable  channel,  bat  snch  comments  most  certainly  have  ema- 
Iflnm  peraona  modi  mtereBted  in  keeping  navigation  open,  bat  ignorant  of  the 
oreactent  of  the  canae,  which  operated  to  dose  the  duuinel.    It  has  never  been 
lliaft  the  plant  oaed  ooald  do  anything  more  than  help  the  carient  in  deepening 

il  plaeea,  when  the  water  was  low  enongh  for  the  action  of  the  tag  wheels  to  be 

iHiD  tfaa  bottom  and  the  volnme  of  water  and  carrent  strong  enoa^  to  cany  oflT 
mtflrial  stiRed  np.    The  dams  formed  by  the  sliding  in  of  hondreds  of  feet  of 
itnx  banks  not  mlj  cat  off  the  necessary  water  to  float  the  boats,  bat  stopped  the 
Rnl  ntiOMBanr  to  cany  away  any  mat^ial  that  might   have  been  stirred  ap. 
UipeeQliar  aliaiiK  in  of  the  banks  in  this  locality  has,  I  believe,  never  been  satisfiic- 
liib  enlainedL    Upon  my  recent  visit  I  made  a  special  investigation  of  the  matter, 
Hi  1  bdiefe  I  have  discovmd  tbe  caose  of  the  instability  of  the  banks  to  be  the  presence 
tf  nfeir  baiA  of  the  buiks,  whose  sarfiuse  is  at  a  considerable  elevation  above  the  river. 
I  fte  river  fidla  rapi^  this  back  water,  acting  ander  a  considerable  head,  forces  its 


amkr  the  banks,  converting  the  lower  strata  into  a  semi-liqaid  material  which 
■ot  aland  under  a  dope  of  1  in  20,  or  even  flatter.  I  bdieve  there  was  not  a 
Ml  hirtaiiee  oi  sliding  bank  behind  whidi  I  did  not  find  dther  standing  water  or 
iMwhfln  water  had  recently  been.    The  natnral  drains  for  this  back  water  are  eadk 

Cman  and  more  obatrocted  by  the  depodt  of  sediment  from  overflows,  the  obstrnc- 
iicraadng  mne  rapidly  near  the  river  banks.    As  a  resalt  of  this  the  pond  water 
bhdiiA  a  hii^hsr  level,  and  when  the  river  is  low  forces  its  way  throngh  the  soil  onder 


The  steamboat  and  togs  commenced  work  September  7,  and  were  compelled  to  stop 
86.    They  xesnmed  work  on  October  17,  and  on  November  10  w^re  ordered 
to  New  Orleans,  there  being  a  navigable  channd  8  feet  deep  throagh  Old 
Hie  dredge  oommenoed  work  on  the  enter  bar  September  8,  and  worked  con- 
imtfl  Oefeober  2SL  when  die  was  moved  ap  to  the  gat.    On  the  10th  of  No- 
10  was  Idd  odK    l  am  at  present  engaged  apon  a  plan  for  the  permanent  im- 
r  thia  loealitgr,  whidi  I  hope  to  present  to  the  Ck>mmisBion  in  a  short  time. 
V  166SL  an  aanatant  engineer  was  sent  to  make  some  snrveys  of  Old  River 
taofatalii  di^  finr  fatimatfa  and  project  for  placing  a  sill  across  old  river,  with 
the  Tallqr  to  died^  the  enlaigement  of  the  passage  into  the  AtchaJGUaya 
lUa  waa  oompleted  eady  in  Febriuuy,  and  estimates  were  sabmitted  to  the 
Mwdi  20,  1883.    liie  Commission  dedded  to  postpone  action  on  this. 
weommendation  for  a  resorvey  of  the  old  river,  which  was  approved  by  the 
a  party  was  stKted  tnm.  New  Orleans,  Jane  5,  and  work  commenced  a  few 
bot  akiknesB  and  nn&vorable  weather  at  times  almost  saspended  opera- 
na  muwtj  ii  atill  in  progress,  and  it  is  hoped  that  the  present  cool  weather  will 
fta  par^  to  eompleto  it  soon.    The  following  report  of  the  assistant  engineer  in 
ilveafliedetaila: 

Red  RiVeb  Landing,  October  31,  1883. 

I  hsfe  the  honor  to  r^ort  to  yon  the  amonnt  of  work  accomplished  on  the 
if  the  nooth  of  Red  River  and  vicinily  since  the  7th  of  Jane,  when  I  arrived 
ft  BQVtioii  of  my  party,  which  waa  not  complete  antil  the  arrival  of  the  steam- 
tfe  sad  of  Jane,    llie  anrvey  of  the  Mianssippi,  indading  both  banks,  is  fin- 
below  Red  mver  Tjmding  to  Carr's  Point,  by  means  of  a  shore  line  on  the 
and  diataocea  eaieftOlr  measored  to  the  top  of  the  bank,  so  as  to  show  the 
, ',  and  a  note  of  the  stage  of  water  and  its  line  at  the  edge.    The  oppo- 
ii  looatid  by  a  aeries  of  angles  taken  on  flag  stations  placed  on  all  points  and 
Oi  to  dflOiie  the  line  of  the  top  of  the  bank  correctly.    The  ddes  of  triangalx^ 
lil^t  bMik  fonninff  the  bases  are  never  less  than  half  a  mile  in  length,  and 
M  hii  been  caierally  measored  and  checked  with  a  sted-tape  measure. 
of  the  true  meridian  have  been  taken  on  this  base  line.    A  traveise  line 
Mediate  topography  has  been  ran  on  the  levee  from  half  a  mile  below 
odiqg  to  section  No.  12,  on  Atchafalaya  River.    Cross-sections  Nos.  2,  4, 
IS  if  the  AtdiaJMaya  have  been  rdocated,  soanded,  plotted,  and  sent  into  the 
hi  the  lower  old  river^^cross-sections  F,  O,  I,  Z,  X,  also  D,  V,  and 
near  the  Missindppi.    These  sections  reqnire  to  be  extended  back  on 
oo  the  ri^t  of  the  Atcha&laya,  and  on  the  Tomball  Island  side  of 
V  now  that  Sie  water  is  low  enongh  to  make  it  practicable  to  do  so.    Eight 
taken  on  the  npper  old  river  at  right  angles  to  the  bed  of  the 
all  the  dmtes  to  the  high  groand  on  either  side,  and  the 
location  on  the  map  of  1879  lutve  been  sent  to  the  office.    A  seo- 
diadiazge  of  Red  River  have  been  taken  1,000  feet  above  the 
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f  vfcerl  Ui.it  it  is  hoped  u  more  fevorable  shape  of  -wharf  and  thoron^  I 

RHscouTiog  Bl^ereach  high  iratfr  will  prove  on  eQeclnal  lemedy.  Oil 
bUnwiDg  letter  was  addreesed  to  Kir.  Kirk,  in  ciukige  of  the  nharm 
teeeiv«d  from  him: 

DSITED  STATB3  ESOINEKB  OFFICE, 

A'oo  Orkanx,  La..  Jylg  31,  1SS3. 

(|K  1 4Mln  to  call  your  attention  to  a  method  of  preventing  the  caving  of  bank  aai 
^■MpiBl  (bstnictioii  of  wharves  along  the  river  front,  in  third  district  The  B<md  d 
S^HMk  at  which  I  tvaa  a  member,  ami  which  assetuMed  in  thiscity  in  the  Mi  of  IS^ 
SMMMHtdcd  in  tbeir  report  (ns  one  of  the  means  that  might  be  tried  to  prevent  tha 
MtriBl)  Ike  vnMhing  out  of  the  high-nater  depoait  nnder  the  wharves  by  tnming  tk* 
^diMMOfB  tug,  m  placed  aa  to  send  a  cnrrent  in  the  proper  way.  This,  1  am  informed, 
WW  teied  to  a  certain  extent  lost  snmmet  with  very  satisfactory  resoltB.  As  this  ii  ■ 
BMtlerof  wry  considerable  importance  to  yon  in  the  maiuteziance  ot  yonr  wharvn,  I 
wfiU  to  oek  you  to  give  tho  plan  a  more  systematic  and  thoroogb  trial.  As  the  wata  ii 
now  &Uiug,  it  wonld  bo  well  t<i  mmmeoco  as  soon  as  poasible.  before  the  depoaii  begin 
to  ^ide.  If  this  proves  to  work  satislaclonly,  all  wharves  boilt  in  fntnre  conid  be  * 
pUoneil  w  to  admit  of  the  proper  placing  of  the  tag.  and  the  annnal  cost  of  the  wotk 
vuutd  bo  small.  If  yon  conclude  to  make  the  trial  I  would  like  to  have  one  of  aj 
aaHiatants  tiioke  mexsarements  to  note  the  results,  and  to  give  yoa  any  aasistance  tM 
ba  ooold  with  teferenoe  to  determining  the  proper  points  for  scouring. 

VtfJ  tespeclAilly,  yonr  obedient  servant, 

Amos  Stickhbt, 
Jfoior  of  Ettoimtm,  U.  8,  i. 

Ml-.  GSOKOE   H.  KiKK. 

AW   Orirant,  La. 

Isny  lcttorcfS«pt«nbeTl6, 1883,  to  theConumaeioa,  snbnutiingprojectrorimpri)**' 
•mmn  orNcv  OrteN»  Haitm  I  called  attention  to  the  lact  that  at  other  parts  ofUM 
hHt«C  vqril  wtisid  pniteUj  W  necnMiiy,  and  that  the  experience  gained  and  renin 


wrtvidat  tnCkRvUtsB  Dwl  wnvld  b«  a  gnide  for  the  extcasion  of  the  work.     During 
«h«  iM*  iwnwwr  mr  toMmin  ewriiig  of  the  hank  has  occnrred  in  the  Goaidsboroagi 
Bm^  aa4  ak«««,  «■  iMrii^tMBkof  Uie  river,  the  eilennve  wharf  and  a  part  of  ttir  li 
4vNbBlMiM<irtbaTtaMftaUeBHlnwl — •-'-'-■-    _._  _     ^ 

MMHM' 

iMMor 


Bailnad  sunk  into  the  river.     The  commercia!  i* 

rt  «t  Ham  barttor  fa  npidly  increasing,  ns  shown  in  tbe  accampaiiyil( 
Wbeelotk,  pRsidenl  of  the  Sew  Orleans  Pacific  lEailnay  Conipauj, 
repivt  of  Aaaistanl  Engineer  W.  G.  Price.  To  thoroughly  protect  the  riyht  bunt  wiH 
lirv  *  (Treat  de»l  of  work,  which  sbonld  cover  both  bends  and  perhaps  the  stiaigU 
h  U      era  h  wo  n  nccompan  ui     1.      h 
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o  witlL  50  feet  of  tbe  <lerp-w3t«r  end  of  the  ma1tr«s»,  Tbe  dike  will  a 
of  willow  bnmh  d  stone.  The  hnisli  wiil  be  woven  ia  thickat^ees  of  4  i  "  ' 
rank  ooe  on  anov-et  till  &  thiukncsa  of  -iO  feel  is  reacbnl  In  this  bend  a 
high  will  carry  the  butk  out borizontatl;  about  60  feet.  Theeancnt,  paffiingndi 
moving  in  a  line  tangcDl  to  thecnrve  above,  »nll  strike  the  bunk  again  inaboatT! 
where  another  dike  woiiJd  bare  to  be  coostrticted.  As  the  bend  ia  someivbut  im 
tbe  dikes  would  have  to  be  nearer  togclbet  at  wme  ptacea  and  farther  apnrt  at  otha 

llie  nutttresB  under  tbe  dike  would  eoI^t,  M  4.42  cents  per  square  foot %\.!tH 

Tbe  dike,  at  4-9T  oentH  per  cnbic  foot,  woold  cost ' 

Making  a  total  cost  of  mattnss  and  dike ._ 

I  bAve  estimntdi  slone  to  ciHt  (3  per  cubic  yard,  locee  mcasurementv  aot)  tlie  dike) 
coDlnin  5.1  ponnit)  of  stone,  weighed  innntcr,  per  cnbic  foot,  over  tbeamooiit  ovixsaii} 
toovercome  the  baujancj  of  the  bmsb.  This  weight  would  be  iDcreased  bj  theM 
and  silt  wliicb  tronld  collect. 

OUST    or  THE    DtTBOVEVKNT. 


Length  of  ncction „,,feet.-     2(^8 

Cost  to  proteiTt  with  mattress |31(,fl 

Om  to  protect  with  dikes,  730  feet  apart 2M,B 

SECOifD  SBCnon. 

Length  of  section feet. - 

Cost  >o  protect  witb  ntattret« tl01,ll 

Coat  to  protect  with  dikes,  1,635  feet  apart.- _.      t%t 

THiBD  srarnoK. 

Lmgth  of^ection  ..- leet..  13^1 

Cost  1«  protect  with  mattress 1210,1 

Qist  to  protect  withdikes,  750 feet  apart l«l^( 

Tbe  entire  third  eei^ion  is  a  caving  bonk,  and  if  not  protected  it  will  in  time  cut  ai 
Algiers,  and  ehanfip  the  whole  fh>nt  on  the  opposite  side  of  the  river. 

KespetHallT  snhaiitt.ii. 

W.  G.  I'atcE, 
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IMPEOVING  MISSISSIPPI  EIVEE— OBSEEVATIONS  AT  CABBOLLTON,   LOUISIA^i 

Allotment 1 „..       $3,( 

Drawn 3,  ( 

Expended 3,( 

Balance  December  1,  1882 3.1 

Kxi^endedto  October  31,  1883. 3,{ 

Dii.biiii5eraents  since  December  1,  1882: 

Telegram $0  72 

Storage _.  6  00 

Stationery 10  93 

Lumber 12  39 

Coal 134  15 

Material 187  63 

Transportation 220  60 

Ilireonaunch 300  00 

Services 2,127  58 

3,0 

MISSISSIPPI  RIVER  COMMISSION — OBSERVATIONS  AT  CABEOLLTON,    LOOSIAX 

Allotted _ _.       $1,5 

Expended _ 1,4 


Balance  on  hand  October  31,  1883 


Disbursements  since  December  1,  1882: 

Telegrams _ __ $0  75 

Transportation 15  00 

Material 41  98 

Fuel 72  55 

Service 1,314  33 

1,4 

CLOSING  BONNET  CARRE  CREVASSE. 

Allotted -' •- fir.,( 

Drawn lo,  ( 

Expended  since  December  1,  1882,  contract  work 15,  ( 

HARBOR  AT  NEW  ORLEANS,  LOUISIANA. 

In  TrciLsury  Department,  Washington,  July  1,  1882 $144,  525  90 

On  hand.  Assistant  Treasurer,  N<jw  Orleans,  July  1,  1882. _.         3,  2G7  91 

In  hands  of  Assistant  i:nginecr,  October  31,  1883 100  00 

$147,  i 

Expended  since  July  1,  1882 8,( 

Bahinee  on  hand  December  1,  1882 2,  055  79 

Expended  since ..- 7,632  89 

Balance  due  iVom  appropriation 5,  577  10 

Disbursements  since  December  1,  1882: 

Mi>'*ellaneous 506  97 

Manorial  .__ 453  88 

Surveys 145  14 

Service  at  the  works 1,966  06 

Office  expenses,  &c 570  93 

Plant 3.989  91 


7, 


First  cost  of  plant  now  employed _ .       30, 

Very  respectfully,  your  obedient  servant, 

Amos  Stickney, 
Major  of  Engineers,  U,  i 
Lieut.  Col.  C.  B.  Comstock, 

Corps  of  EnffinarSf^U.  S.  A., 

President  Mississippi  River  Commission. 
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ingpi,  which  he  indinai  to  conrideraB  the  wroltof  imperihetdet>dkyBiartlii 
of  the  inflnx  of  flreeh  wttter.    At  the  early  time  «t  which  theoei  the  eqaifalcnliof] 
Claiborne  beds  of  Alabama,  were  ibrmed,  the  oontinental  drainage  had  its  nonfti 
Cairo,  alhd  the  MiaBiniiq^il  of  to-d^y  had  not  yet  beoome  the  one  gnat  oatlefe,  ttdl 
aoori  having  no  existenec    A  nadnal  upheaval,  prevalently  fkom  the  uartimi,^ 
shallowing  a  part  of  the  great  MiaBiflsiiipi  embayment,  so  as  to  convert  its 
swamps,  intersected  by  occasional  estoaries.    Snch  oontiDned  to  be  the  state  of  1 
middle  tertioiy  times  over  mnch  of  the  States  of  HisBissippl  and  Lonisiani.   Ti 
find  in  the  intercalated  marl  the  laigest  and  finest  fossils ;  moreover,  as  a  matter  «fi 
there  are  fragments  of  laige  foasils  in  several  instancea— e.  ^.,  Feacriearrfis 
Atietha  Tuomeyij  MonoeeroB  vettuinB,  and  others.    As  a  role  snch  laxge  ftssils 
driven  oat  of  the  way  by  the  pipe  in  its  descent,  or  ground  to  fkagments>    The  i 
and  especially  those  combining  hardness  with  smallness,  would  -be  the  onei  thilj 
anger  would  leave  comparatively  uninjured,  such  asplearolMMis,  aofieat,  de. 

Such  as  they  are,  however,  these^  fossils  overwhelmingly  demonstnte  the  doni 
epondence  of  tiie  beds  penetrated  at  Helena  and  Choctaw  Bar  (whose  fltdm  is  i  ~ 
identical)  with  the  lower  portion  of  the  Gaibome  beds  of  Alabama;  perhaps : 
with  those  older  ones,  which  Dr.  Eugene  A.  Smith,  State  gecdo^istof  AlahMaa,  hvl 
examined  at  and  near  Wood's  Bluff,  Alabama,  and  which  rest  directly  upon  the  oUi 
nitic  and  flatwoods  days.  This  is  obviously  the  position  of  the  Helena  mail  bed^  i 
he  clays  found  in  the  bottom  borins,  No.  1,  at  102.3  foet  and  lower,  are  absol 
distinguishable  from  those  of  the  Memphis  boring.  These  focts  agree  apdn 
foct  that,  since  the  strike  of  the  Claibome  strata  observed  in  Mississippi  is  aboit ) 
northwest  (not  due  west,  as  inferred  by  Mr.  Wilson  ftom  the  older  geologtari 
Mississippi},  their  dip  most  be  oonespondingly  a  south-aoathwesterly  OMy  Am 
phis  toward  Helena. 

The  difference  of  nearly  150  foet  between  the  levels  at  which  the  tertiaiy  stai 
been  reached  in  the  bluff  and  in  the  bottom  boriiu[  at  Helena,  not  quite  two  aikii 
aflfiords  a  measure  of  the  energy  of  the  erosion  eftcted  bj  the  gravetehaqped 
the  quaternary  epoch. 

BonoK  BOBOrCNS. 

In  all  the  deeper  bottom  borings,  save  one  (vis:  Na  2,  Lake  Pnyvidoies), 
tinct  formations  have  been  penetrated,  via,  the  river  alluvium  or  its  equivalenti  iai 
the  equivalent^  of  the  Port  Hudson  beds,  and  the  eocene  tertiary  strata. 

Much  speculation  has  been  indulged  in  heretofore  as  to  the  average  depth  of  Asj 
vial  deposits  of  the  Mississippi,  and  the  results  of  my  observations  in  the  DeltHi  4 
seemed  to  indicate  that  the  deposits  of  the  modem  river  are  comparatively  shsbovi 
there,  have  been  repeatedly  called  in  question.    The  present  investigation  throwi 
light  on  this  subject,  and  likewise  rectifies  the  interpretation  of  the  age  of  the  *'T 
gravel/'  which  has  long  been  known  to  underlie  the  great  bottom,  but  was I7 
conjectured  to  be,  in  the  main,  the  representative  of  the  ''orange  sand"  of  the 
Mr.  Wilson  correctly  concludes,  ftom  the  constant  occurrence  through  these , 
lignite  grains  or  ''wash,**  that  they  are  not  an  equivalent  of  the  orange  sand, 
always  singularly  free  from  any  ozidizable  matter.    The  microscopic 
roborates  the  importance  of  the  lignite  grains,  and  associates  them  with  gndns  of  < 
lion,  and  clear  quartx  spotted  with  camelion  as  characteristics  of  the  Port  Hudson  1 
to  which  group  the  great  beds  of  gravelly  sand  with  the  overlying  finer 
accordingly  referred.    On  the  other  hand  the  same  examination  shows  the 
remains  in  the  alluvium  to  be  merely  macerated,  or  slightly  carbonised, 
other  foasils  at  all. 

It  is  not  altogether  easy  to  see  why  this  should  be  so,  and  why  a  fow  rematas  < 
lets  or  wood  filers,  and  rarely  even  these,  should  be  all  that  remain  of  the  mi  ~ ' 
ol^ei*t8  that  the  great  river  has  an  opportunity  of  carrying  off  in  its  longoouxse, 
at  hi);h  stages  of  water.    The  only  reasonable  explanation  seems  to  be  that  the 
ing  effect  of  the  sliarp  sand,  with  the  rapid  eddying  motion  of  the  river,  tends  toj 
by  mechanii<al  attrition,  all  but  the  toughest  material  and  such  large  fossils  < 
cannot  but  1h>  presumed  that  in  the  back  or  slack-water  deposits  of  to-di^  sons 
many  or^^janisms  of  the  oyprests  swamps  must  be  preserved;  but  no  such  maleiiair 
under  our  examination.  '  On  the  whole,  a  person  habitually  fiuniliar  with  the' 
the  river  will  rarely  £ki]  to  recognize  them.    Moreover,  they  are  all,  even  to  the  1 
chiiraotorireil  bv  a  Very  ftequent  oltematiou  of  materials,  due  to  the  alternate 
depiviits  t\\)m  different  sonivesat  different  seasons  of  thesame year,  so  that  a  close  oT 
mar  in  ni;\ny  cnses  identify  the  materials  deposited  by  floods  derived  ftomdiffefeat 
such  as  the  Arkan^sis  on  the  one  hand,  and  the  Red  Rivor  cm  the  other.    On  the' 
as  givat  a  thicknes  as  :30,  or  even  15  foet,  of  uniform  and  unquestionably  altafi 
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»f  to-di^  wfll  rarely  be  seen,  even  10  feet  being  onnsualf  and  from  a  few  inches 
3  ftet  the  most  oommon  range. 

i  this  p(Hnt  of  view,  the  great  sand  bed  of  boring  No.  1,  at  Helena,  as  well  as  those 
eneatb  the  unquestioned  aUnvinm  in  the  Choctaw  Bar  borings,  and  in  No.  1  of 
tOTideiioe  reaches  (Mayersville),  presented  a  donbtfnl  point,  these  sands  being  re- 
ily  nnifonn  in  their  nature  and  appearance,  not  only  at  different  depths  in  the  same 
',  bat  even  on  comparison  of  those  from  diifercnt  borings.  The  fact  thut  in  all 
ases  the  massive  sand-beds  show  both  the  lignite  grains  and  those  of  tjuartz  spot- 
h  curnelian,  which  they  have  in  common,  not  only  with  each  other,  but  with  the 

'*  buckshot  day ''  of  known  Port  Hudson  age,  of  which  an  authentic  sample  was 
itely  in  my  possession,*  is  sufiSdent,  in  the  absence  of  fossils,  to  cause  them  all 
sfened  to  the  Port  Hudson  epoch.  It  is  a  curious  fact  that  this  buckshot  clay, 
is  so  abundant  in  the  back  lands  of  the  bottom,  happened  not  to  form  the  surface 
point  where  borings  were  made,  unless  it  be  at  Greenville.  StilT  clay  soils  were 
nl  cases  found  at  the  surface,  but  these  were  finderlaid  by  the  undoubted  river 
m. 

GreemHIe  boring  is  unique,  in  that  it  was  made  at  a  point  in  the  bottom  appar-  , 
bove  high-water  mark,  and  that  coincident  with  this  the  red  and  spotted  quartz  ' 
irHh  lignite  were  found  in  the  sand  within  a  few  feet  of  the  sur&ce.     No  micro- 
Mguiisma  were  found  in  the  surface  soil,  but  even  that  is  unlike  the  river  allu- 

In  other  words,  it  seems  as  if  at  Greenville  the  older  (Port  Hudson)  materials 
t  the  flor&oe  near  the  river  bank,  as  some  distance  back  they  are  on  the  *'  buck- 
lands,  uncovered  by  any  alluvium.  The  local  elevation  of  Greenville  would  be 
OS  to  the  "  Dogwood  Ridge ''  shown  on  the  map  of  the  Mississippi  alluvial  region 
aphrejB  and  iil>bot's  report,  as  the  only  land  above  overflow  in  the  Yazoo  hot- 
ly* the  deepest  boring  of  the  whole  series.  No.  2  of  Lake  Providence,  is  unique 

despite  of  its  great  depth  (248  feet),  it  has  failed  to  reach  the  tertiary  beds.  Mr. 
was  misled  by  the  dose  resemblance  of  the  days  at  131.5  feet  and  below,  and 
the  overlying  lignite,  into  the  belief  that  the  rest  of  the  boring  was  in  tertiary 
la,  which  condusion  was  made  more  plausible  by  the  occurrence  of  calcareous 
I  and  materials  resembling  greatly  the  tertiary  marls.  The  microscopic  exami- 
however,  leaves  no  doubt  of  the  fresh  water  and '  *  Port  Hudson ' '  character  of  the 
loring  firom  at  most  42.0  feet  down.  In  this  latitude,  moreover,  the  outcrops  of 
materials  in  the  Yazoo  bottom  render  the  identilicatiou,  even  to  the  naked  eye, 
ler  complete.  How  much  deeper  the  trough  was  excavated  into  the  tertiary  at 
nt  is  open  to  ooi^jecture;  but  the  occurrence  of  the  tertiary  marl  at  110  feet  in 
No.  3  (at  Hay*s  Landing),  6  miles  southeast  from  I^ke  Providence,  shows  that 
}  trough  was  not  continued  in  that  direction,  but  more  probably  in  a  southwest- 
use.  In  this  connection  it  should  not  Ije  forgotten  that,  as  I  have  shown,*  the 
ift  carrent  bore,  not  in  the  direction  of  the  present  mouths  of  the  Mississippi, 
wd  Vennilion  Bay.  This,  therefore,  is  the  direction  in  which  we  would  expect 
the  deepest  excavations  in  the  tertiary  materials. 

Bids  the  comparative  age  of  the  marine  tertiary  beds  at  Luke  Providence  (or 
lays'  Tending)  and  Choctaw  Bar  or  Helena,  the  larger  as  well  as  the  microscopic 
sod  to  show  that  while  the  beds  reached  at  the  ilrst-name<l  locality  have  a  some- 
Ibrent  faeies  from  those  above,  yet  the  horizon  of  the  next  higher  group,  the 
on,"  had  not  been  reached.  Now  it  is  known  that  southeast  of  Hays'  l^inding 
'aaoo  River,  near  Haines's  Bluff,  the  Jackson  strata  begin  to  disappearbcneath  the 
)vel,  being  there  overlaid  by  a  lignitic  bed  of  variable  thickness,  which  in  its 
i  the  Vidcsbura  bluff,  is  capped  by  the  '*  Vicksburg  "  scries.  The  dip  of  the  ter- 
sqg  here  very  Tittle  west  of  south,  it  follows  that  at  Hays's  Landing  the  strata 
i4  110.7  feet  must  belong  to  a  group  considerably  below  the  Jackson  beds;  which 
iBct  what  the  fossils  found  also  indicate.  In  other  words,  the  bed  belongs  to  the 
poctioii  of  the  Claiborne  group,  and,  according  to  the  rate  of  dip  obser\'cd  at  Vicks- 
ks  Jackson  beds  would  not  be  reached  in  a  ^ring  of  that  depth  until  about  the 
I irf'Warrenton,  south  of  Vicksburg. 

jeneiml  condusions  reached  as  regards  the  geological  history  and  structure  of  the 
ittom  within  the  limits  of  the  boring  in  question  are  therefore  these:  A  trough 
(cpih  exceeds  at  one  point  248  feet  below  high-water  mark  has  been  excavated 
t  tertiary  beds  originally  filling  it  probably  to  a  height  considembly  al>ove  t^at 

TUs  trough  has  subsequently  been  filled  u])  to  above  present  high-water  mark 
pQsils  dating,  in  their  present  position,  from  the  period  of  gradual  depression  fol- 
the  deposition  of  the  orange  sand,  and  during  which  the  orange-sand  materials 
oded  and  redeposited  in  the  trough,  or  similar  materials  were  brought  de  novo 

{wriocleal  details  raEarding  thia  clay,  refer  to  Dr.  E.  A.  Smith's  paper  on  the  Geoloin^  of  the 
Vl  Bottom,  PfeMeMfliigs  A.  A.  A.  8..  1871,  p.  262. 
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fmni  nortlieni  regioiLS.     The  jrravol  and  conn^cr  s;m(l  wore  c»f  c  >nrsi*  ]vi'\  in  thi'  i 
nurihi'rly  |)Oiti<»n  uf  the  tnm^h,  >\hi!o,  in  the  ^'vath('rly  one   ihe  « .>i::v.-n:H'.\l .  : 
w.iUr  ]}Tty.\m!vd  ilrpnsits  ofsiincly  loann.  fi?i*'>I]I.  ;i..d  ''liiuk.- li./t  "  t  \n\ .      .'.-  ilji- .!' 
.si«'ii  !::(•; iM-^d  :iiul  tlie  slack-wator  lulvancid  nptlii-  vall«y.  Ih.i-:  Mut-  i  .:!  •.  !  i  •  >; .  - 
(»vi-. lying  the  gravels,  wurc  ck'iv)siti.<l,  and  linaily  tho  ](>«■-  aii<L  \«  !1..-.  ...  .ju  : .  -■.  . 

ing  t'i*Mip!ands.      rjM.n  re-i'lfivati<»n  tlu-.  loam  and  ](H<si]i  :h':  ni-r  .!     ^    r  u  ^  • 
t!»'.i,;»  \v»  rr  \.adi.d  away:  but  v.hi-i  the  it  -i--i-  ii'  bnc^dn't  rl:.\  .  \.  •  \    ;i      !;. .; .  - 
»(>•:«-' ;^t  rati  d  m-'-n  i1k' lin.s  «.i' U-a-t  n>.>t  ::ao.;  ;■.•!  (heii'rr    :' i   -ii: .;.  *.  ..     ;.  .• 
;'T.  jt  :i!:i|\i.>l  riilLi-  1':  thr  aNi. ;«•!"■  ;i  •  \.:1!;  V  .  l.-'U-  la.  r    \.i.;'--r;-    .'.:    ......      ■     : 

•  •li,;".n'  1  hy  t'l'- l'5r!.i::li«ji  .::.d  <,';r,-.i;.  _-■:'.■  f!'  -Mill.-,  it  ^  .    a- ■    '    !   ..      «:!■-. 
...;':)■   i  ;li«" .- »•:>'.      Wii  re  ili^  li:  v:' h  i  •  ^.      :p  ■!     •,  ;y  .'<'•.  r..       ;;  <     !'■• 

l.M  ■  itiVi  '..alvl:.';  :  nri>  ;'S  n  Ta:-i;M  il:  Im!  \.  I.'-.-  ;<1  tv:  :.-.■  '.  •;:'  ■■  :\        ;'  ••.  -i 
,'.■  r-fiy  ■'■■  !.;n>t.  «.I^- >ur>c-.  Im- <•(  (".;IT.•-p<^:^I;a!:  tiiii-;  :  ■. ;  •.  ;  .•  ■;  \.   ■     lui.     .  •.    . 

iiai)>  ni-j/r.  :::';'.v:i]iii  (»r  .-uvli  iha  I::i   -  !i.,- '"■  .1)  .-'. .  :''..-n'\     ..  1.   .i^-      "...     '.  r. 
r..::.  \i/.,  ^ ^  :l  wk  »:   ih-.-  niaxinnnn  t]i\:..  :     ^  i-.n-..!  '.  ■  •  ..'    :.-  I'.,  ii.-i;  t.-i  ^\\  •  r.,     .  . 
i!-;    -'  ;.   ■  <i.n;' HI- J^.'K'"  i'Ti'vid.  1).  <    I%.>.  ,»  Ihk!?;  ..i  "<•. -^  :     '■ .  :....i     :•  -.    .   ^    '.i-.  ■;•.'. 

■;»  K  •  ;.      1  Ir  ■  ^  •  ia  wv.  md  with  tin*  ^i!ulhmy  -h..;iow  .iv  :»i:i-<  :;i  -.%  i.fc  ii  ;'..  .;:'.i>i-:ii 
r.ini!.!  :  )  ti  1  .:i!:i..!i-  in  tin-  lo'.vi  r  d.li.i. 

ii  v..'nM  It  :  \t:'i"iailv  dr-ira«)l«' ii- \<-nlV  ihi   i;  ri:u'i.-:..:i    !.•■  » '•;•  r,;*;*^  \.:\\\-y 

•  •  •  A 

■  :t'-.-i  «>!'  -  .     !»'•  ■>  ni'*'  ally   t,ilx»-  ;,  l>'»i!i  ..i'  v  ■.••»ii<  I;:-  Is  «  1'  i  i  •■  u-ra   ;•!':.'     i^  -..  ^; 

..ri'i;--  aiaiir!.!-''  r.i  tiv*  iiuti'd  <U' -i*;"]»-  <»]"  i];i-  1  •.(.'  Had  '>n  ;,■•."»..  la:-  .  .. .. 
■ -p(ri..I'\  iaii  :t-tir,g  in  Loniic'-ti«»n  \.iLh  Ix/iingi  'a;ii.-  :it  p.  ints  iir.^hr  .'.mI'Ii'ii 
great  \aiKy  itsitil'. 

rKErAToiiY  LEnLii:  by  di:.  f.  v.  idi'IvIn.s. 

San  FuANi  iMO,  i^'ai..,  .V/y  1,  l^-f 
"*n)r.  E.  \V.  nii.GAUn,  P//.  D.: 

1>i:au  SiK:  The  iniem><*oi»ic  cxaminatit>n    ^f  lh»^  sp.'rcinHiis  ^nhvaitlr.l  t<n:i.:  l-.y 

las  ijmw  Kin  i-arried  as  lar  as  the  ohJLels  had  i.)  Mv  w  hv  t!ie  Mi^^ls-i'i-i  I:i\«r( 

ai-si»»n  will  warrant.     In  liu  t,  it  has  heen  <-arriiJ  'ua  'i  laiih-  r.  i^irviii.-t  r  ihi-  impri- 

hat  \.hat  \\a>  iIcsirhI  N.-.^aiull  aecoiuit  ^'Tlhiir  li'ssii  tO'-i-.i^ts,  >  a  a  ..^  !  ii.nl  :Iie  p 

X"  \'\  ]>rrp..rnv:  l"i»r  y«ni  in  the  ca>e  of  th.e  Lakir  i'.or:.:ne  Irninir--  in  !>'.  1.  1  iiLran:l< 

nllv  «\ei  .  oi'i  aii^ni  oh<vr\ed.     'I'h    t«.rtiarv  i.a.iN  i-r./^id  to  he  \\\\  lieh  in  li-r.^ni 

v-n».  al!iio.-Ni  aJl  i.r  nndcM  r'lH*d  s]K*ei*-.  ;.i  d  oiu-  f.:t\.on«  v.  ::.  utja  :•:  ...  h  -  •  to  !■  <  :x 

in  op.i'.rto  lit  •..  iibe  tl;.  in  I'uily.     Ti'ii-N  \-.o!l:,  :',i'iir  ].:■•    •  •;  •  <  -  'a  i  .1  my  tin  i   ;•.;  :  .« i 

m."  :n':;.:«-iy  p-    \.  -  to  ^  -  .^T  i;:i^'  ;.\:':i.  'l-e  C'o';:!-;  --i;  !:  i:..\ :..:  d- «  I'i«  ■!  ..;  -".eir  ■- 

:>r  .w  .i.  r-'i;  ;y  '.i-*  !••  ]:K5--i:  h  !;•»  p^.:^  ^  \-. .'!;  ''  !    :^  j    ; .. 

i  .!■;■.'■]  M  -■  »'..•(;   )-■..•;■■>  i  :i.;\e  d'>.i-.'  v':  •;   !   :  ■  -u!'  :  >  c;?   ipair  r:y    ^:  ri-     .'- ' 

Mio.  •  ..  r.     '\-    ■..   <  .  I't^  :i.  :'!id  h  ;  .\-  1)!v:m;'.  I  [:>;-  el'  ii:i.a    ;.  ind.i-.;t  l'-;^  ?!,.■       lii-^  i 

.!lx-  «•.■<■•  :i»:  -  i::-.t  n\i»«t -ir.-)  :'.\  i\--i  ■''"■    \'.  m«- -  ii-^  oh.-'.-r.  •  d.      'I''*--.-:    'ii"-.;"i 

\  \\\\  i'^'!-»A  i'  .:  1 1"'  i»'.  a'.al  \\  "i  ».  >  i'i"al-t   •..1  i*;  ;'a-'Ii  leraiir  t!'  i  ■  t'  I'u  l.'.o'.<_\.  :i; 

.io;i  .  r  ".'■(   -'ra.i  '.111-,  niih  '.\i.ieh  tl^eh-  J':_-    1:;.\*- )m--mI.      It  i^  to   n.-  !:..;•;  il  '!...♦ 

A,\\  :  "i..  *  the  at  lent  ••■»n  oi'n  ifar..-i'M-^  t  >  .i  rith  i:nd  ;'.-.vel  :nn\.  :k.  d  \w\-\  .   r  .-■  ai 


re.*-'  Ml  a. 


Ta  .-•)  .  :>a  !.■!»-» '.\  ere  pri  ]»ared  '">  r  <  x;nn!!'..;tioii  hv  sha'iin::.  or  i:;  Tne  «.-  off'  ^ 
Kii".".:>;.  \\'\\.\  ab 'U:  1  iaela-;  oi' \-.';it.  :•  :a  ;•.  'J-i.ah  te>t-laoi- a!\::l  i  :;e -rvaia- \.^  :;• 
-•.■par..:i>!.  Ai:er  <elt.dv^.  lij>l  l".  r  'j".  ^».eoatI<.  llie  water  e'»nt;-iao.ig  th.-  i::a  r  ;>•.-::.  <i 
i.ivWiiiiil  inio  aijothiT  t.ihe.  aiida  ii\-  a  '^a]>j:ly  pournl  in.  T?ii^  ja- .  e--  \...- :  ]>• 
.on:  ti  ii«'S.  tin-  sell'ia::  b  -ing  .'>  '««'e»'rid<  .dioiler  e.a-h  time.  Tl:<-  r.  a  :dni:  .:  yy  n';.'-.' 
:he  M]»:.rate  dta^H  i:>  in  the  t  .'.hi-s  ^\e.e  th.e!i  orainiined  »ar^inlly  in;  Kr  a  :aivn-< 
with  p  ^\\  •  IS  \  ary i!ig  from  70  to  1. 100  diameters.  The  results  are  set  iorih  in  the  k»i 
ing  tahli  <. 

Yours,  verv  tridv. 

r.   V.   lIovKi: 

*  Siuith-vMii.in  Ov>n*r.hii!:o:is  to  Sv  ionce.  Xt).  2IS;  also.  Procot-tliii^rs  A.  A.  A.  S..  ISTI.  p.  L*^^».  \ 
\  X\\.-  \.y"^\\\  \\\  whivh  wo  liiul  the  tertiary  IkM.-s  :it  thi^  ttine  on  the  lH»rderinyf  li'.uiVs  Vf  yw 

iu>t  :»  far  e'ousan^  i»f  tlto  amount  of  erosion,  since  the  axis  of  the  Misriissippi  enjl);iymcui  w» 

doubt islly  A  iroujih  lower  Uian  its  border. 
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Record  of  examination  ofHpcciim'm  of  horimja. 

Dr.  P.  V.  Hopfciiw;  Itir^^cr  orprniiismsand  final  determination  of  t1iostrat» 
by  Prof.  E,  W.  llilg.ird.J 

BOBINO  XO.  2,  MEMPHIS,  TJvXX.  (ON  IILUFF). 


llAion  of  Bpcci- 


r  iUt,  noivcalca- 

UlXOE  savb. 
isyvnow,  conrao 
bj,  with  yellow 


IX'pth. 


Quartz. 


'•%  smnd  with 


!e-coIored  mnd... 
le-oolorcd  aond, 
neUy. 

!r<oloTccI  aaiid, 
BT  IMlt  CTiueut- 
tnm  Intu  a 


BTellowiMh  tkiud. 

dCcli7~ 

■yaUowUih  aaud. 


1       to    17 


47     to  53.0 

55.0 to  CO.G 

OO.Gtu  63 

63     to  93.9 


03.0  to   00.8 
90. 8  to  117 


Tour-     Vopre-  | 


I 


,  Small 
fonsils. 


Sni'.ill  rounded  and  I  Xono..;.\liUlo.:  Xoiio 
clc.ir.  i  I 


XoiU'..    Nonc^ 


VMri'^jfiitc*!    \v  i  t  h     Ntme ..'  Nunc ..;  None . 

l»l-liblOrt. 


Sin:iil,    clear,    nud 

roimdcd. 
CI»Mr.  iiiixcd  wiih  '....do 

chert  mid  j.j.siMT.  | 
Sharp  tind  roitnd- 

(mI,  ilciiP,  \vhit<:,  ■ 

yclluw,  tcmI,  luid  I 

black. 

Varicjiutcd do 

do '....do 


«Io do ....do., 

I 


do do.... 

do....  ....do VlUtlc. 


(  ) 
None , 

...do... 

(t) 


i 


117.5 to  132.2   do. 


.do. 


.do. 
.do. 

.do. 


.do., 
.do., 

.do.. 


ucxmc 


CTroMp. 
r  dlmj^  y«Uow- 


•sins  into 


183. 2  to  132. 5 
]82.5toi:».4 
133. 4.to  131.1 
131.1  to  139. 3 


OroMp. 


...•««.....iw«i 


130.3  to  150 
150     to  154.5 


'  I 

Fine  and  clear '....do do do. 

Varici^xtctl ....do....;.. ..do...  ....do. 

Fine  and  clear '....do....  ....do do. 

Variegttt«;d do.... ....do....!      U) 


.    None 

•I    (t) 


.'  None, 
."....do... 


None. 
Do. 
Do. 
Do. 


Do. 
Do. 


■....do. 
'....do. 


Do. 


Do. 
I  Do. 
I  Do. 
I    Do. 


:  .  1  .  , 

Clear,  small,  and  I  None..-      (§)      I  Nonci  None.   None. 
roundc<l.  1,1 


U  o  u  n  d  e  d  and 
Hharp,  clear, 
sr^nc  whito  an<l  i 
yellow. 


...do. 


.do. 


.do. 


.«lo.  ...i     Do. 


154     to  167      I  Very  small,  clear, 
'      and  round. 
.    167     to  1&9. 5  >  Clear  and  round.... 
168.5  to  275.1  I  Fine  and  clear 


I 

I  '  !  . 

None'  None  ..I  None.  None.,  i  None. 

I 


do.... 

....do... 

do.... 

....di).... 

Do. 

do.... 

1 

(:) 

....do.... 

1 

....do.... 

Do. 

Inpobblea.    fCostHinpi.'Mde'}.    tA^^oddcal.    §  Lignite  graiuMund  larger  pieces 

H  Lignite  {{grains. 

Notes  on  ME^U'nis  SFxmoN,  Borings  Nos.  1  and  2. 

aC.  W.  IIlJXS.VRD.) 

ipedmens  within  the  first  17.2  feet  agree  entirely  with  the  usual  character 
da  dq^oait  in  the  northerly  ref^iou.  It  is  much  less  calcaivdiis  tiian  larthtr  south, 
■■Qb.  m  well  as  ooncrctioiiH  ot' calcic  carl)onato,  <K'fnir  only  in  streaks,  spnrailie^iHy. 

KIO  feet  are  properly  IV  sahsoillayer  helou«;in;^  to  the  "yello\v-li)am"  divis- 
in  tho  interior  is  directly  .sui>erimpo8ed  tiinm  the  oranj^e  siiud  or  stra tilled 

■ 

•  latter  presents  here  a  most  characteristic  section,  eiuhracing  a  fl(>ri(.'.s  ot'  all  its 
Ktoristie  materials,  evouto  the  ferrnf;inou.s  conglomerate  of  coarse  sitnilstono,  wiiich 
,  M  etoewliere,  marks  the  approach  to  au  im])ervi()ns  or  clayey  layer.  The  lowest 
■I  of  tbe  loess  also  showH  for  a  few  feet  a  change  toward  a  siindy  hardiKUi,  which 
Of  teas  a  transition  to  the  oRinge  8and  proper;  and  at  th<;  bii^e  of  the  latter  the 
MB  of  dbttp  flud-grainSy  as  againat  the  roiindcnl  and  rustriucriLsted  ones,  heralds 
Gb  or  the  tertiary  sands  that  commonly  form  the  upper  portion  of  the  '*La- 


T  OP  THS  CHIEF    OF    ESGINEEBfi,  D.  8.  AKUT. 

J  bed  with  ocoLsioiial  streaks  of  (cnij  a. 
C  in  bored  weUs  in  the  "  Flacwood  bell" 
~  is  BO  apparent  betneen  -XiO  m 
ildf  oTcrlie  the  highest  cT>elawoii»  oTII 
m  100  and  200  Teet  lower  dovo  tiie  oi 
e  wodU  bve  bttn  ■■  —  hnJ  aAa  paniiig  throng;h  a  Eooe  ot'  «9iiiaiii 
oepatM  with  Mikifiri  BMrine  faNQai  TIm  dnfc-odored  ooncetetioaa  foand  at  184.T  ai 
SH  fH«  at*  BaMlj  of  biid^M  aiae,  aad  nnnrirt  oT  aand-ccains  ceracoUd  by  brownia 
mm,  wniimtjr  *  |ifdaM»iyh  alter  iw  tyiitea.  They  an  therefiweiiot  cakarratu,! 
'  ~  4  in  Ike  ncm  of  facisp;  «ar  doea  tke  matoial  indoniif;  tttcai  ahow  any  sig^t 
Had  it  bcoa MkcfwiHi,  ibebct  woold  hare  been  of  tsptdid  interest,! 


■•  »  ^  ~^c  — - 
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NoxB  ax  XHX  Hkudta  Sbciiov. 

JMfBIHO  VO.  2  (OV  BLUW). 

The  first  130.7  feet  of  this  aectUm  is  highly  typical  loess,  with  land  snails  (EbKjh 
loiris)  and  loess  puppets  or  calcaieons  concretions  of  the  silty  mass.     It  differs  qi 
▼ionsiy  from  the  yellowish  and  mnch  more  clayey  material  of  the  Memphis  hluffaDd  i 
marginal  region  of  the  loess  in  Tennessee  and  north  Missigsippi  generally,  which 
properly  be  distinguished  as  ''nuuginal  loess." 

'Die  materials  found  from  130.7  to  158  feet,  thon^^  non-eflbrrescent,  seem  mosti 
related  to  the  loess,  and,  with  the  underlying  siliceous  days,  seem  to  oonespoud  to 
transition  strata  between  the  loess  and  orange  sand  observed  at  Vidcsburg  and 
Gulf,  Miss. 

The  pebble  bed  at  167.8  to  171. 3  doubtless  represents  the  orange  sand  pebble  bed, 
has  becm  found  of  such  very  variable  thickness  by  Mr.  Wilson  in  this  very  loesli^,i 
shows  the  same  variabUity  almost  everywhere  else. 

The  foesibferous  clay  and  marl  bed,  171.3to  ^1.3,  with  its  intercalated  layer  of  1 
impure  limestone,  is  very  distinctly  characterised  as  tertiary,  of  the  (marine) 
Group  by  the  well-preserved  q>ecimens  of  the  following  sheUs:  MomoeeroB  veteitat 
Adteon  Hmeatua  Lea,  J^HOola  wtagna  Lea,  DaUalhtm  iurriium  Lea,  or  mierotiriaittm 
NaHca  wiimma  Lea,  N,  wiagt^o-wnlfiUeala  Lea,  JPIeuroUma  Limadalii  Lea;  there  is 
an  undescribed  Plemroioma^  FiabeUuwn^  and  Beiepora,    The  abundance  of  micrasooplei 
ganisms  shown  by  Dr.  Hopkins's  record  is  very  remarkable. 

BOBDra  va  1  (nr  botioii). 

Tliis  boring  begins  at  a  level  about  138  feet  lower  than  No.  2,  and  readies  to  ai 
greater  by  116  feet    After  penetrating  27  feet  of  unquestionable  alluvium,  it  p( 
first  56.4  feet  of  very  fine  and  uniform  sand,  which  then  becomes  coarser  and 
gravelly  throu|^  the  succeeding  20  feet,  inakin^  85.4  feet  of  sand.    The  materials 
beomie  gravelly  and  pebbly,  and  so  continue  with  variations  to  162.3  feet,  malmigl 
131.3  feet  of  sandy  and  gravelly  materials,  the  physical  composition  of  whidi  showst 
to  belong  to  one  and  the  same  epoch.    Then  follow  strata  of  solid  days,  void  of 
fossils,  but  agreeing  in  every  diaracter  with  the  ''northern  lignitic'*  days 
the  Memphis  boring  at  the  lower  depths.    Hdena  boring  No.  1  has  therefcne 
yond  the  limits  of  the  marine  Claiborne  strata  found  in  boring  No.  2,  reaching  thei 
underlying  tertiary  at  the  lowest  levd  at  which  it  has  been  found  in  the  boriugB 
consideratioD,  vis,  162.3  feet  bdow  the  high-water  reference  levd.     The  ready 
gration  of  the  calcareous  marls  has  allowed  the  andent  floods,  chaiged  with  gniTd,j 
wear  them  away  down  to  their  tough  floor  clays;  the  latter,  contrary  to  the 
the  boring  record,  show  no  signs  of  calcareous  matter. 
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